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ABSTRACT 
Provisional keys to the marine decapod crustacean zoeae of the 
Chesapeake Bay are presented. These keys provide distinguishing charac-
ters for the specific or generic identification of zoeae of 50 decapod 
species. Also, provisional classification schemes for the different mor-
phological types of antennae and telsons exhibited by Chesapeake Bay 
brachyuran larvae are given, and the larval stages of each species or 
genus considered in the keys are briefly described. 
The larval development of eight Chesapeake Bay decapod species for 
which the larvae were previously unknown was studied in detail. All 
larval stages of ~rides limicola and Libinia dubia and the first zoea 
of Arenaeus cribrarius are described from laboratory-reared specimens, 
and four larval stages of Callianassa sp. A (=.Q_. major?), two of 
Callianassa sp. B (=C. atlantica?), one of Callianassa sp. C, four of 
Upogebia affinis, and three of Lepidopa websteri (?) are described from 
specimens taken from the plankton. 
Previous studies concerning the effects of temperature and salinity 
on larval development of Chesapeake Bay decapods are reviewed, and the 
results of an experiment to determine the effects of temperature and 
salinity on larval development of Palaemonetes vulgaris are presented • 
.!:• vulgaris larvae were reared in the laboratory in a factorial experi-
ment employing three temperatures (20, 25 and 30 C) and six salinities 
(5, 10, 15, 20, 25 and 30 0/00). Considering survival, rate of develop-
ment, and number of instars, optimal conditions for larval development 
were found to occur at a temperature of about 25 C in salinities of 10 
to 30 0/00. 
Surface and bottom plankton samples taken with a Clarke-Bumpus 
Quantitative Plankton Sampler at monthly intervals over a two-year period 
were made available to me by Dr. V. G. Burrell, Jr. These samples were 
collected at 12 stations spread over a distance of about 80 miles from 
freshwater in the Pamunkey River, through the meso- and polyhaline York 
River, to euhaline conditions at the mouth of Chesapeake Bay. Some addi-
tional samples were collected with paired BCF Bongo samplers. Planktonic 
stages representing 37 species and genera of decapods were identified in 
these zooplankton collections. 
Decapod larvae were numerous throughout the estuary during the sum-
mer. However, larvae of Crangon septemspinosa were abundant in the bay 
from late winter throughout the spring, and peak numbers were generally 
of the same order of magnitude as total concentrations of larvae of the 
other species at the bay stations during summer. 
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The number of decapod species represented in the plankton de-
creased steadily with decreasing salinity, and the total time larvae 
were present in the plankton also decreased upriver. 
Larvae of Uca spp., Crangon septemspinosa, Hexapanopeus angustifrons, 
Neopanope texana sayi, and Rhithropanopeus harrisii were abundant in the 
plankton of the York River system and Chesapeake Bay, and larvae of nu-
merous other species were commonly encountered. However, larvae of 
Eurypanopeus depressus, formerly one of the most abundant xanthid crabs 
of the Chesapeake Bay, were rarely found, and it is suggested that an 
apparent decline in abundance of the species associated with an intro-
duced parasite, Loxothylacus panopaei, was reflected in the scarcity of 
planktonic larvae. 
All stages or all except the early stages of most common species were 
considerably more abundant in bottom collections than near the surface. 
It is suggested that this tendency of certain larvae to congregate near 
the bottom where the net flow is upstream may be one of the factors oper-
ating to insure retention of decapod larvae within the Chesapeake Bay. 
xxvii 
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MORPHOLOGY AND ECOLOGY OF CHESAPEAKE BAY DECAPOD CRUSTACEAN LARVAE 
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GENERAL INTRODUCTION 
Meroplanktonic larvae of benthic and pelagic invertebrates consti-
tute a numerically important portion of the zooplankton of temperate 
neritic and estuarine waters during the warmer months of the year (Raymont, 
1963), and decapod larvae may make up a major fraction of the total mero-
plankton population. In the sunnner decapod larvae can be found in the 
plankton of practically every sea, and they may be present year-round in 
low-latitude seas. Although little is known of the significance of deca-
pod larvae in marine and estuarine food chains, it is likely that the 
larvae may be important predators of copepod and cirripede nauplii, other 
zooplankton and certain phytoplankton species, and decapod larvae them-
selves are probably preyed on extensively by larger planktonic and pelagic 
animals. 
Decapod larvae have attracted the attention of investigators for 
many years, but they are difficult to study taxonomically because they 
are morphologically quite unlike the adult forms. It is not surprising, 
then, that early investigators regarded them as adult planktonic animals 
and classified them as such. Even today, larvae of too few species in 
most decapod families have been described to define even family charac-
teristics, and a detailed knowledge of the larval history of a species is 
often required for one to be able to identify larvae of that species in 
plankton collections. 
In addition to enabling investigators to identify planktonic larvae, 
morphological studies of decapod larvae may also be important with regard 
to decapod taxon~my and phylogeny. Gurney (1942) recognized that the 
2 
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larval phase must be taken into account if any system of decapod classi-
fication is to be soundly based. Williamson (1967) notes that although 
most recent revisions of decapod classification have taken larval charac-
ters into account to some degree, the amount of evidence available is 
still small. Williamson (1967) further states that, "[the larvae of] 
every uninvestigated genus or species is liable to show features which 
may shed light not only on its own taxonomic position but also on the 
groupings of higher taxa." 
The decapod larval phase is a dispersal phase, and the larvae, like 
other planktonic animals, are generally at the mercy of currents as far 
as horizontal displacement is concerned. However, sufficient numbers of 
larvae must survive and remain within, be carried into, or return to a 
given area to replenish the parent population. The survival, distribu-
tion and zoogeography of adult benthic and pelagic decapods, then, are 
directly linked to the survival, distribution and dispersion of the lar-
vae. Thus, an understanding of the ecology of the larvae is basic to 
any understanding of the ecology of the adults. 
The Chesapeake Bay supports a rich and diverse decapod fauna, with 
nearly 50 species being found within the Bay (Wass, 1965). With the ex-
ception of laboratory studies on the larval development of certain species, 
little is known of the ecology of the Chesapeake Bay decapod larvae. 
The present study was designed to provide at least partial answers to 
three questions concerning the decapod larvae of the Chesapeake Bay: 
1) What do the larvae of the various decapod species of the Bay "look 
like" and what characters can be used to distinguish the larvae of each 
species in plankton collections? 
2) What effects may different temperature and salinity conditions 
have on the larval development of estuarine decapods? 
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3) What decapod larvae occur in the York River estuary and adjacent 
region of the lower Chesapeake Bay, Virginia, and how are these larvae 
distributed in relation to environmental conditions? 
4 
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I. MARINE DECAPOD CRUSTACEAN LARVAE OF THE CHESAPEAKE BAY, 
WITH PROVISIONAL KEYS FOR THEIR IDENTIFICATION 
Introduction 
Central to any biological investigation is the accurate identifi-
cation of the organisms studied, and for this reason identification guides 
(keys) have been formulated for most groups of organisms. However, few 
attempts have been made to develop such guides for the decapod larvae of 
any geographic region, although larvae have been studied extensively 
since the early nineteenth century. Several factors account for this 
deficiency. (1) Taxonomic studies of decapod larvae are difficult be-
cause the larvae generally do not resemble the parents. A detailed 
knowledge of the larval history of any species often requires the rearing 
of larvae of known parentage to enable one to identify larvae of that 
species. (2) Morphological differences between larvae of closely related 
species are often small (sometimes virtually non-existent), yet there 
may be marked differences between larvae of different stages even of the 
same species. (3) Decapod larvae typically pass through a series of 
stages during which their morphology undergoes extensive change. This 
complicates the problem of determining distinguishing characteristics. 
(4) Since only small differences often separate larvae of different 
species, the larvae of most of the decapods in a given area must be fairly 
well known before the cautious investigator will attempt to define iden-
tifying criteria for them. 
5 
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In the few areas where the decapod larvae are fairly well known, 
efforts to formulate keys have been moderately successful, at least for 
certain groups. Most notable in this regard is the work of Lebour (1928), 
whose keys to British brachyuran larvae allow identification of most of 
the planktonic crab larvae found in waters around the British Isles. 
Lebour's work was followed by extensive but less successful efforts by 
Aikawa (1929, 1933, 1937) to establish identification criteria primarily 
for Japanese crab larvae. Much later, Bourdillon-Casanova (1960) in an 
excellent study of the decapod larvae of the Gulf of Marseille presented 
keys for the brachyuran zoeae and megalopae of that region. Hillman 
(1964) devised keys for the decapod larvae of Narragansett Bay, Rhode 
Island. He separated 12 species and three additional genera of caridean, 
macruran, anomuran and brachyuran larvae primarily on the basis of telson 
morphology. Following Hillman, Cook (1966) presented excellent generic 
keys for the penaeid larvae of the northwestern Gulf of Mexico, Makarov 
(1967) gave keys to the brachyuran larvae and information on the morph-
ology of numerous other decapod larvae of the Kamchatkan shelf, Robertson 
(1968) developed provisional keys for the phyllosoma larvae of Western 
Atlantic Scyllaridae, and Seridji (1971) formulated keys for the penaeid 
larvae of the Bay of Algiers. 
Special mention also should be made here of the pioneering efforts 
of Dr. Robert Gurney. In his classic work, The Larvae of Decapod Crustacea, 
Gurney (1942) suDllllarized morphological knowledge concerning the larvae 
of many decapod groups. He was unable to uniquely define the larvae of 
each major group, but attempted to list major distinguihing characters 
where possible. This work remains the single basic reference for vir-
tually all taxonomic studies of decapod larvae, including the present. 
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No previous attempts to develop artificial keys or other identifi-
cation guides for the decapod larvae of the Chesapeake Bay region are 
known, although Van Engel, Tan and Jenness (1964. Virginia Inst. Mar. 
Sci., unpublished manuscript) included some larval decapods in their 
preliminary keys to certain small crustaceans collected during the Insti-
tute's Atlantic plankton cruises of 1959-1962. 
The objectives of the present study were: (1) to determine suitable 
criteria for identifying Chesapeake Bay decapod larvae, (2) to devise 
artificial keys and/or other identification guide using these criteria, 
and (3) to provide a concise description of each larva. Fortunately, 
good descriptions of many species of concern were available in the litera-
ture, and I have borrowed extensively from this material in preparing 
descriptions. For species of which the larvae were unknown, incompletely 
or questionably described, descriptions were compiled where possible 
from larvae reared in the laboratory at the Virginia Institute of Marine 
Science, from collection series, or from information kindly given me by 
other investigators. 
The larvae of 50 species representing som~ 22 families of natant 
and reptant decapods are included in the keys and systematic discussion 
presented here. Of these, 38 may be identified specifically, while the 
remaining 12 are identifiable only to genera. Coverage of this study 
has been restricted primarily to those marine decapod larvae known at 
present to occur within the Bay, but a few forms of questionable occur-
rence in the Bay have been included. Excluded from this presentation 
are the rare brackish-water shrimp Macrobrachium ohione, whose larvae 
have not yet been described; the small caridean shrimp Hippolysmata 
wurdemanni, which apparently has not been reported in the Bay since 
Cowles' (1930) survey and whose larvae are unknown; another small caridean 
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shrimp Ogyrides alphaerostris, which apparently has not been seen in 
Virginia since Kingsley described it in 1880 and whose larvae are unknown; 
the American lobster Homarus americanus, of which small specimens occa-
sionally range into the Bay but apparently do not breed there; the crab 
Hepatus epheliticus, which has been recorded from Virginia only once 
(Wass, 1965); and the crab Pinnixa retinens, whose larvae are unknown. 
Also, the larvae of most offshore species listed by Wass (revision in 
preparation) were not included. The decapod fauna of Virginia's conti-
nental shelf is poorly known, and any guides to the larvae of this region 
necessarily would be very incomplete. 
Finally,! would like to emphasize the provisional nature of the 
material presented here. Much of the Bay area has never been system-
atically sampled for larval decapods, and, although the resident decapod 
fauna is well known, a few as yet unreported forms may occur in certain 
regions of the Bay and its tributaries. It is also likely that oceanic 
larvae and perhaps some northern and southern coastal forms may occa-
sionally drift into the Bay with folating Sargassum or be swept into the 
Bay ~y storms or other temporary hydrodynamic conditions. Thus, it is 
likely that several additions to the list of species presented here 
will be made in the future, hopefully coupled with appropriate revisions 
of the keys. Also, larvae of crabs of the family Portunidae at present 
are poorly known, and of necessity my keys and systematic discussion 
reflect this lack of information. However, my keys will serve to sepa-
rate the larvae of Callinectes sapidus and Ovalipes ocellatus, the only 
common portunids in the Chesapeake Bay region. I hope that as more 
information concerning certain larvae becomes available and as the lar--
vae of species which were excluded here become known, these keys will 
be modified appropriately. 
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Taxonomic Considerations 
Types of Decapod Larvae 
Although a number of different names have been given to the larval 
stages of various decapod groups, the larvae may be considered essenti-
ally as falling into two general types, the nauplius and the zoea. My 
definitions of these types are modified in part from those of Gurney 
(1942), Cook (1966) and Williamson (1969). 
Nauplius -- Small, typically pear-shaped larva with first three 
pairs of cephalic appendages (antennules, antennae and mandibles) setose 
and natatory; other appendages absent or rudimentary; anteromedian ocel-
lus present. 
Free-living nauplii occur only in the larval development of penaeid and 
sergestid shrimp among the Decapoda. Comparable stages are passed em-
bryologically in the other groups. Since penaeid and sergestid shrimp 
typically spawn offshore, their nauplii are unlikely to be found in 
estuaries and thus have been excluded from further consideration here. 
Zoea -- Larva with setose, natatory exopodites on some or all tho-
racic appendages (maxillipeds and pereiopods); abdomen present, usually 
well developed; pleopods absent or rudimentary; pair of compound eyes 
present. 
This is the stage which is most typical of decapod larvae. In one form 
or another, it occurs in the development of nearly all decapods. 
Protozoea -- Special (primitive?) type of zoea found only in the 
development of penaeid and sergestid shrimp; carapace large, prominent, 
but not fused with or completely covering segmented thorax; abdomen 
segmented or not; antennules and antennae remaining large and natatory 
(as in nauplius); at least first two roaxillipeds well developed, with 
natatory exopodites. 
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Williamson (1969) also defined a third larval form, the megalopa. 
He applied this name to all pre-juvenile decapods having setose, nata-
tory pleopods, regardless of the taxon to which the animals belonged. 
Traditionally, however, this name has been reserved for the Brachyura. 
For my purposes, I have considered all forms with functional pleopods 
as postlarval animals and thus have excluded them from consideration 
here. 
Key Characteristics 
As mentioned previously, decapod larvae typically pass through a 
series of larval stages during which morphology undergoes considerable 
change. In order to devise keys to satisfactorily·separate all stages, 
it is necessary to choose conservative characters (i.e., those which do 
not change significantly during development) as criteria for identifi-
cation. The characters which I have chosen to distinguish larvae are, 
primarily, general appearance, carapace shape and armature, morphology 
of the abdomen, telson morphology, and, especially among the Brachyura, 
structure of the antenna. 
For the brachyuran larvae I have also developed provisional classi-
fication schemes for the types of antennae and telsons exhibited by 
Chesapeake Bay forms. My classifications are based upon ideas origin-
ally presented and developed by Aikawa (1929, 1933, 1937). However, 
my classification schemes differ considerably from his. The only prac-
tical purpos~ served by these classifications is to allow description 
of a particular antenna or telson by a brief code. Such coding allows 
concise tabular presentation of the salient morphological features of a 
number of species (Table 1), as well as convenient storage in computer-
ized information banks. As new larval forms are described, their charac-
R
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TABLE 1: Sullllllary of major morphological characteristics of Chesapeake Bay brachyuran larvae. 
LATERAL KNOBS ON POSTEROLATERAL SPINES 
CARAPACIAL SPINES AN2 AN2 ABDOMINAL SOMITES ON ABDOMINAL SOMITES 
SPECIES D R L TYPE RELATIVE LENGTH 2 3 4 5 2 3 4 5 
Arenaeus cribrarius + + + bB2 Slightly shorter + + - - - + + + 
than rostral spine 
Callinectes sapidus + + + bB2 Slightly shorter + + - - - + + + 
than rostral spine 
Ovalipes ocellatus + + + aB2 Slightly shorter + + + + - + + + 
than rostral spine 
Portunus gibbesii + + + aB2 Slightly shorter + + - - - + + + 
than rostral spine 
Portunus spinimanus + + + aBz Slightly shorter + ? - - - ? ? ? 
than rostral spine 
Cancer irroratus + + + aB3 Slightly shorter + - - - - + + + 
than rostral spine 
EurlPanopeus + + + be As long as rostral + + - - - + + + 
depressus spine 
Hexapanopeus + + + ac As long as rostral + + - - - + + + 
angustifrons spine 
Neopanope texana + + + ac As long as rostral + + - - - + + + 
sayi spine 
Panopeus herbstii + + + be As long as rostral + + - - - + + + 
spine 
Rhithropanopeus + + + aC As long as rostral + - - - - - + + 
..... harrisii spine ..... 
Dissodactylus + + + bD Slightly longer + + 
mellitae than antennule 
R
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Table 1: Cont/d 
LATERAL KNOBS ON POSTEROLATERAL SPINES 
CARAPACIAL SPINES AN2 ABDOMINAL SOMITES ON ABDOMINAL SOMITES 
SPECIES D R L AN2 TYPE RELATIVE LENGTH 2 3 4 5 2 3 4 5 
Pinnixa + + + D Slightly longer + + - - - - - + 
chaeto.E,terana a than antennule 
Pinnixa cylindrica + + + D Slightly longer + + - - - - - + 
a than antennule 
Pinnixa sayana + + + D Slightly longer + + - - - - - + 
a than antennule 
Pinnotheres + + + D Slightly longer + + 
maculatus a than antennule 
Pinnotheres 
- - -
? 
- + + 
ostreum 
Sesarma cinereum + + - aB2 About equal in + + - - - + + + length to rostral 
spine 
Sesarma reticulatum + + - B About equal in + + - - - + + + 
a 2 length to rostral 
spine 
Ocypode quadrata + + + aB2 Slightly longer + + - - + + + + 
than antennule 
Uca spp. + + - B Slightly> than + + - - - + + + 
a 2 half length of 
rostral spine 
Libinia dubia + + - Az About twice length + - - - - + + + .... N 
of rostral spine 
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Table 1: Cont/d 
6th 
NO. NUMBER OF NATATORY SETAE ON EXOPODITES OF MAXILLIPEDS ABDOMINAL PL 
TELSON ZOEAL ZI ZII ZIII ZIV zv ZVI ZVII SOMITE BUDS 
SPECIES TYPE STAGES 1,2 1,2 1,2 1,2 1,2 1,2 1,2 FREE APPEAR 
Arenaeus cribraLius 1A2 ? 4,4 ? ? ? ? ? ? ? ? 
Callinectes sapidus lAl 7 4,4 6,6 8,8 9,9 9,11 11,12 14,13 ZIII ZVI 
Ovalipes ocellatus oA2 5 4,4 7,7 8,10 10,12 14,15 ---- ---- ZIII ZIII 
Portunus gibbesii 1A1 ? 4,4 ? ? ? ? ? ? ? ? 
Portunus spinimanus 1A2 ? 4,4 ? ? ? ? ? ? ? ? 
Cancer irroratus lAl 5 4,4 6,6 8,8 10,10 11,12 ---- ---- ZIII ZIV 
EurlEanopeus lAO 4 4,4 6,7 8,9 9,11 ---- ---- ---- ZIII ZIII dep_ressus 
HexapanoEeus OAO 4 4,4 6,7 8,9 9,10 ---- ---- ---- ZIII ZIII 
ang,ustifrons 
Neopanope texana lAO 4 4,4 6,6/7 7/8,7/8 9/10,9/10 -- ---- ---- ZIII ZIII 
sayi 
Panopeus herbstii 1A2 4 4,4 6,7 8,9 10,11 ---- ---- ---- ZIII ZIII 
Rhithropanopeus lAO 4 4,4 6,7 8,9 9,9 ---- ---- ---- ZIII ZIII harrisii 
Dissodactylus 
mellitae oAo 
? 4,4 ? ? ? ? ? ? ? ? 
Pinnixa C 5 4,4 6,6 8,8 10,10 10,10 ---- ---- ---- ZIV 
chaetopterana f-1 w 
Pinnixa cylindzica oAo ? 4,4 ? ? ? ? ? ? ? ? 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Table 1: Cont/d 
NO. 
TELSON ZOEAL 
SPECIES TYPE STAGES 
Pinnixa sayana B 5 
Pinnotheres OAO 5 
maculatus 
Pinnotheres D 4 
ostreum 
Sesarma cinereum oAo 4 
Sesarn'la. reticulatum oAo 3 
Ocypode guadrata oAo 5 
Uca spp. oAo 5 
Libinia dubia OAl 2 
NUMBER OF NATATORY SETAE ON EXOPODITES OF MAXILLIPEDS 
ZI ZII ZIII ZIV zv ZVI ZVII 
1,2 1,2 1,2 1,2 1,2 1,2 1,2 
4,4 6,6 8/9,8 10,10 10,10 ---- ----
4,4 6,6 8,8 9,10 9,10 ---- ----
4.4 6,6 8,8 10,10 ---- ---- ----
4,4 6,6 8,8 9,10 ._ ___ ---- ----
4,4 6,6 8,8 ---- ---- ---- ----
4,4 6,6 8,8 10,10 12,12 
---- ----
4,4 6,6 8,8 9/10,9/10 10 ---- ----
4,4 6,6 
---- ---- ---- ---- ----
6th 
ABDOMINAL 
SOMITE 
FREE 
----
ZIV 
----
ZIII 
ZII 
ZIII 
ZIII 
ZII 
PL 
BUDS 
APPEAR 
ZIV 
ZIV 
ZIII 
ZIII 
ZII 
ZIV 
ZIV 
ZII 
..... 
..s:,. 
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Table 1: Cont/d 
SPECIES 
Arenaeus cribrarius 
Callinectes sapidus 
Ovalipes ocellatus 
Portunus gibbesii 
Portunus spinimanus 
Cancer irroratus 
Eurypanopeus depressus 
Hexapanopeus angustifrons 
Neopanope texana sayi 
Panopeus herbstii 
Rhithropanopeus harrisii 
Dissodactylus mellitae 
Pinnixa chaetopterana 
Pinnixa cylindrica 
Pinnixa sayana 
Pinnotheres maculatus 
OTHER 
Posterolateral spines on somites 3-5 short, bifid; 1 lateral telson spine minute. 
Posterolateral spines on somites 3-5 sharply pointed. 
Lateral knobs on somite 5 large hooks; knob on somite 4 lost at ZIV. 
1 lateral telson spine minute. 
Dorsal carapace spine long, strongly curved posteriorly. 
Dorsal and rostral spines very long. 
Dorsal and rostral spines very long. 
Dorsal and rostral spines very long. 
Dorsal and rostral spines long. 
Posterolateral spines on somite 5 very long; rostral spine extremely long. 
Dorsal and lateral spines shorter than rostral; pinnixid in appearance but without 
"wings". 
Abdominal somite 5 with "wings", smallest pinnixid larvae. 
Abdominal somite 5 with "wings". 
Abdominal somite 5 with "wings". 
Pinnixid in general appearance but lacking "wings"; dorsal spine longest. 
.... 
U1 
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Table 1: Cont/d 
SPECIES OTHER 
Pinnotheres ostreum 
Sesarma cinereum 
Sesarma reticulatum 
Ocypode guadrata 
Uca spp. 
Libinia dubia 
Antenna! endopodite bud not evident at zoea I. 
Antenna! endopodite bud evident at zoea I. 
Carapace large, heavy; abdominal somite 4 with posterolateral ridge. 
Much smaller than Sesarma zoeae 
I-' 
0\ 
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teristics may easily be added to such a system. This type of data pre-
sentation can then become the nucleus of an identification guide for the 
brachyuran larvae of any region. 
Provisional Classification Scheme for Antennae of Brachyuran Zoeae 
The antenna is unlike the other appendages in that its setation or 
spination usually does not change during zoeal development. More impor-
tantly, the ratio between the lengths of the protopodite and the exopo-
dite remains nearly constant throughout development, with only the endo-
podite changing, becoming progressively larger. The following classifi-
cation is based primarily on these two characters. In this classifica-
tion, a particular antenna may be described by an upper case letter de-
noting general type, a lower case letter as a subscript to the left of 
the type letter to indicate subtype, and often an arabic numeral as a 
subscript to the right pf the type letter to indicate the number of spines 
or setae on the exopodite. 
Type A: Protopodite and exopodite approximately equal in length, 
stout and similarly constructed, smooth or bearing spinules, and tapering 
to a point. 
A2: Protopodite and exopodite with spinules distally; exopodite 
with 2 subterminal spines (Fig. 1 A). 
Type B: Protopodite tapering to point and bearing spinules distally; 
exopodite stout, blunt, 1/2 or less the length of protopodite and bearing 
terminal setae. 
Subtype B: Exopodite 1/3 to 1/2 length of protopodite. 
a 
aB2: Exopodite bearing 2 unequal terminal setae .. (Fig. 1 B). 
aB3: Exopodite bearing 3 unequal terminal setae (Fig. 1 C). 
R
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Fig. 1. Antennal types of brachyuran zoeae of the Chesapeake Bay: A. Subtype A2; 
B. Subtype aB2; C. Subtype aB3; D. Subtype bB2; E. Subtype ac; F. Subtype 
be; G. Subtype aD; H. Subtype bD. 
~ b. ~ A 
A 8 C D E F G H 
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Subtype B: Exopodite much less than 1/3 length of protopodite. 
b 
bB2: Exopodite bearing 2 unequal terminal setae 
(Fig. 1 D). 
Type C: Protopodite long, tapering to point, smooth or with spines 
distally; exopodite a minute knob usually bearing 1 hair-like spine on 
proximal (basal) portion of antenna. 
1 F). 
Subtype C: Protopodite smooth (Fig. 1 E). 
a 
Subtype be: Protopodite with small, sharp spines distally (Fig. 
Type D: Protopodite a simple and inconspicuous process much shorter 
than rostrum and not much longer than antennule; distal end sharply 
pointed and bearing spinules. 
1 G). 
Subtype D: Exopodite represented by long seta near base (Fig. 
a 
Subtype bD: Exopodal seta lacking (Fig. 1 H). 
While I have included in this scheme only the types of antennae ex-
hibited by Chesapeake Bay crab larvae, it is obvious that the scheme 
could be amended to include the antenna! forms of a much wider variety 
of larvae simply by addition of appropriate subtypes or types. 
Provisional Classification Scheme for Telsons of Brachyuran Zoeae 
Like the antenna, the general form of the telson and the spination 
of its furcae usually do not change during zoeal development. However, 
spines may be added on the inner margin of the telson-fork. 
Type A: Telson bifurcate; furcae well developed, 1/3 to 2/3 as 
long as entire telson, slender, tapering to points; distance between tips 
of furcae ~maximum telson width. Furcae smooth or covered with spinules 
and with none to few spines on lateral and dorsal surfaces. Inner mar-
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gin of telson-fork with medial indentation which may be shallow or 
deep (Fig. 2 A). 
20 
[To describe a particular telson of type A, write a subscript to the 
~ of the letter to indicate the number of dorsal spines on each furca 
and to the right to indicate the number of lateral spines. For example, 
1A1 refers to a type A telson bearing 1 dorsal and 1 lateral spine (Fig. 
2 A)]. 
Type B: Telson bifurcate; furcae without lateral or dorsal spines. 
Distance between tips of furcae<maximum telson width. Region of maxi-
mum width anterior to furcae, bearing lateral ridge (early larvae) or 
2 or 3 teeth (later larvae). Inner margin of telson-fork with medial 
indentation (Fig. 2 B). 
Type C: Telson bifurcate; inner margin of telson-fork without 
medial indentation but with short, flattened medial tooth separating 
inner spines (Fig. 2 C). 
Type D: Telson rounded, more or less semicircular but retaining 
vestige of bifurcate appearance. Free margin 3-lobed, including flat-
tened, spear-shaped median tooth and flattened telson-fork (Fig. 2 D). 
This scheme also may be adapted to cover the types of telsons ex-
hibited by a much wider variety of larvae than studied here. 
Provisional Artificial Keys to the Marine Decapod Crustacean 
Larvae of the Chesapeake Bay 
Keys to Protozoeae [primarily adapted from Cook (1966)] 
a. Carapace lacking spines on posterior half ••••••••••••••••• Penaeidae 
b. Antenna! endopodite with 1+1+2 lateral setae ••••••• Penaeus spp. 
bb. Antenna! endopodite with 2+2 lateral setae •••••••• TrachyPenaeus 
constrictus 
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Fig. 2. Telson types of Chesapeake Bay brachyuran zoeae. 
A. Type A (1A1); B. Type B; C. Type C; D. Type D. 
B 
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aa. Carapace with dorsal and posterolateral spines on posterior half ••• 
. . . . . . . . . . . . . . . . • . . . " ................................... Serges tidae 
b. Abdominal somites rounded; telson with shallow medial cleft and 
5+5 spines •..•.••.••••••••••••.•••..•••••..•...•. Lucifer faxoni 
bb. Abdominal somites spiny; telson strongly forked, with 6+6 spines 
••••••• ~ •••••••••••••••••••••••••••.•••••••••••••••• • Acet~ (?) 
Keys to Zoeae [Couplets concerning family Penaeidae adapted primarily 
from Cook (1966)] 
a. General form shrimp-like; abdomen well developed; carapace usually 
compressed, more or less rectangular and without spines on posterior 
half; pleopods develop in full numher (5) on abdomen; abdominal 
somites with or without spines, but never with a large dorsal spine 
on somite 2; telson variable, but typically a triangular or rectan-
gular plate bearing spines on posterior border and with or without 
1 or more pairs of lateral spines; antenna always with scale ••••••••• 
. . . • . . • . . • . . • . • • . • • . . • . • . • . • . . . . . • • . • . . • • . . . . • . • . . . • . . . . . . . Natan1:ia 
b. Pleura of abdominal somite 2 not overlapping those of somite 1; 
telson narrow and notched medially; lateral carapace margins 
never serrate; uropods present •••••••••••••••••••••••• Penaeidea 
c. Pereiopods 1-5 present and biramous, 1-3 cleft to form inci-
pient chelae ••••••••••.••••••.•••••....••.•.•••.•• Penaeidae 
d. Small dorsomedian spine present on posterior margins of 
abdominal somites 3-6 •••••••••••••••••••••• Penaeus spp. 
dd. Small dorsomedian spine present on posterior margins of 
abdominal somites 4-6 only •••• TrachY])enaeus constrictus 
cc. Last pair of pereiopods completely lacking; Lucifer-like in 
general appearance •••••••••••.•••••••••••••••••• Sergestidae 
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d. Endopodites of pereiopods 1 and 2 never with incipient 
chelae; abdominal somites 1-6 with small posteroventral 
hooks •••••••.••..••••.•.•.••.•••••••••••• Lucifer faxOni 
dd. Endopodites of pereiopods 1-3 with rudimentary chelae; 
abdominal somites with large ventrolateral spines •••••• 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Acetes (?) 
bb. Pleura of abdominal somite 2 overlapping those of somite 1; tel-
son triangular or rectangular, usually with medial cleft in early 
stages; anterolateral carapace margin toothed or unarmed; uropods 
present or no~ depending on age of larva; 5 pairs of pereiopods 
develop, pereiopod 5 never biramous, 3 never chelate •••• Caridea 
c. Carapace with 1 or more marginal teeth behind pterygostomian 
region. 
d. Carapace with 1 tiny marginal tooth behind pterygosto-
mian region; abdominal somite 5 without posterolateral 
spines; body slender ••••••••••••••••••••••••• Ogyrididae 
Ogyrides limicola 
dd. Carapace with 2 or more marginal teeth behind pterygosto-
mian region; abdominal somite 5 with posterolate~al spines. 
e. Abdominal somite 3 with large dorsal spine ••••••••• 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • e •••••• Crangor...ldae 
Crangon septemspinosa 
ee. Abdominal somite 3 without d9rsal spine; larva small, 
"blunt-nosed" in appearance •••••••••••• I.Iippolytidae 
Hippolyte pleuracantha 
cc. Carapace without marginal teeth behind pterygostomian region. 
d. Rostrum extending well beyond eyes, becoming toothed dor-
sally after first stage; telson broad with posterior mar-
gin straight in early stages; pereiopods develop succes-
sively; larvae large ••••••••••••••••••••••• Palaemonidae 
Palaemonetes spp. 
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dd. Rostrum small, never toothed; posterior telson margin 
with medial cleft in early stages; 5th p12reiopods develop 
precociously, along with 1st and before 2nd, 3rd or 4th • 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Alpheidae 
e. Rostrum as long as eyes; carapace not much longer 
than wide; larvae generally stout in appearance •••• 
• • • • • • • • • • • • • • • • • • $ ••••••••••••••• • Alpheus normanni 
ee. Rostrum much shorter than eyes, triangular; carapace 
much longer than wide; larvae generally slender in 
appearance •• ,,, ••••••• , ••• !_. sp. ("heterochaelis"?) 
aa. General form not shrimp-like, variable, or if shrimp-like, with spines 
on posterior carapace margin, or with large dorsal spine on abdomi-
nal somite 2, or with forked telson, or with telson process #2 a 
small hair; 3-5 pairs of pleopods develop on abdomen; antenna with 
or without scale ..••...•.••••...••......•..••....•..•....• Reptantia 
b. Carapace usually elongate and more or less triangular or rectan-
gular, rarely helmet-shaped, never with mediodorsal spine; abdomi-
nal somites with or without spines, one species with posteroven-
tral hooks on abdomen; telson variable, occasionally forked, with 
process #1 a smooth, unarticulated posterolateral spine, or with 
process #2 a small hair,"and/or with process #4 large and unar-
ticulated, and/or with unpaired medial spine which may be small 
and articulated or large and unarticulated •••••• Macru.ra-Anomura 
c. Antenna! scale present. 
d. Carapace with short spines on posterolateral margins ••• 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Paguridae 
e. Posterolateral spines on abdominal somite 5 long, 
almost reaching telson •••••••••• Pagurus longicarpus 
ee. Posterolateral spines on abdominal somite 5 not much 
longer than those of other somites ••••• P. pollicaris 
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dd. Carapac~ without spines on posterolateral margins. 
e. Abdomen without spines; anterolateral margin of cara-
pace smooth •••••••••••••••••••••••••••••• Diogenidae 
ee. Abdomen with large dorsal spine on somite 2, or with 
prominent posterolateral spine on somite S, or with 
posteroventral hooks on all somites; anterolateral 
carapace margin smooth or toothed ••••• Thalassinidea 
£. Abdomen with prominent posterolateral spine on 
somite 5 and lacking dorsal spine on somite 2 
and posteroventral hooks; anterolateral carapace 
margin smooth; 4 pairs of pleopods develop on 
abdomen .•.......•.••••.....•..•..••. Upogebiidae 
Upogebia affinis 
ff. Abdomen with large dorsal spine on somite 2 or 
with posteroventral hooks on all somites. 
g. Abdomen with large dorsal spine on somite 2; 
anterolateral carapace margin toothed; rostrum 
broad, serrate laterally; 3 pairs of pleopods 
develop on abdomen ••••••••••• Callianassidae 
h. Dorsal spine on abdominal somite 2 over-
lapping all of somite 3; telson with 
spine formula of 7+1+7 in 1st stage, 8+1+8 
thereafter; telson becomes narrower and 
uropods appear during development; per-
eiopods develop successively; four stages 
known •••• Callianassa sp. A(=.£_. major?) 
hh. Dorsal spine on abdominal somite 2 not 
overlapping all of somite 3; telson large, 
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with 16-18+1+16-18 spines, and not changing 
with development. 
i. Biramous pleopod buds present at 1st stage; 
pereiopods enclosed in thoracic swelling; 
exopodites of maxillipeds with 9, 13 and 
13 natatory. setae, respectively; only 1st 
stage known ••••••••••••• Callianassa sp. C 
ii. Pleopod buds not present at 1st stage, 
but pereiopods enclosed in thoracic swel-
ling; pleopod buds and all pereiopods 
present at 2nd stage; exopodites of maxil-
lipeds never with more than 5 natatory 
setae; 2 stages known ••• Callianassa sp. B 
(= £· atlantica ?) 
gg. Abdomen with posteroventral hooks on all ab-
dominal somites •••••••••••••••••••• Laomedidae 
Naushonia crangonoides 
cc. Antennal scale abuent. 
d. Carapace rounded, helmet-shaped, with long smooth rostral 
spine; ventrally curved lateral spines absent in 1st 
stage but present and large thereafter; telson a broad, 
more or less rectangular plate with lateral margins ter-
minating in stout tooth at each side of convex posterior 
margin and numerous minute spinules on posterior margin •• 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , ......... Hippidae 
Emerita talpoida 
dd. Carapace not helmet-shaped, but more or less triangular 
or rectangular with rostral and pair of posterolateral 
spines in all stages; telson not as above. 
e. Rostral and posterolateral spines smooth and longer 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
27 
than carapace; telson broadly triangular, with pro-
cesses #1 and #4 large and unarticulated and with about 
30 stout setae on posterior margin between 4th pro-
cesses . ................................... . Albuneidae 
Lepidopa websteri (?) 
ee. Rostral spine several times longer than body, and 
rostral and posterolateral spines with strong spinules; 
telson rhombmidal ••••••••••••••••••••••• Porcellanidae 
f. Rostral spine with 2 ventral rows of long spinules 
(plank.tonic specimens often with dorsal row of 
smaller spinules and occasionally a few scattered 
spinules also); antennal exopodite slightly longer 
than endopodite in zoea I, but only about 1/2 
length of endopodite in zoea II; carapace trian-
gular in zoea I, more or less rectangular in zoea 
II ••••••••••••••••••••••••••• Euc eramus praelongus 
ff. Rostral spine clothed with short spinules; anten-
nal exopodite about twice length of endopodite in 
zoea I, but only about 2/3 length of endopodite 
in zoea II; carapace triangular in zoea I and II • 
. . . . . . . . . . . . . . . . . . . . . . . " ........ . PolyonYJC gibbesi 
bb. Carapace rounded, helmet-shaped and with large, posteriorly-curved 
mediodorsal spine (1 exception); abdomen hanging beneath carapace; 
telson forked, rarely with large, unpaired medial blade (2 species); 
antenna without scale ••••••••••••••••••••••••••••••••••• Brachyura 
c. Carapace without dorsal and lateral spines; free margin of 
telson 3-lobed ••••••••••••••••••••••••••• Pinnotheridae (part) 
Pinnotheres ostreum 
cc. Carapace with dorsal spine. 
d. Carapace without lateral spines. 
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e. Antennal exopodite 1/3 to 1/2 length of protopodite, 
with 2 unequal terminal setae; telson bifurcate; fur-
cae without dorsal ~r lateral spines. 
f. Antenna about equal in length to rostral spine~ 
zoeae large .•.••••••••.••.••••.••••.•.•• Grapsidae 
g. Fine hairs on inner margin of telson-fork; 
small knob indicating endopodite at base of 
antennal protopodite in zoea I; 3 zoeal stages 
only; pleopod buds appear at zoea II ••••••••• 
. . . . . . . . . . . . . . . . . . . . . . . . . . Sesarma reticulatum. 
gg. Telson without fine hairs on inner margin; 
zoea I without knob at base of antennal pro-
topodite; 4 zoeal stages, all smaller than S. 
reticulatum; pleopod buds appear at zoea III. 
• ••• • • •••••••••••••••••••••••••••• §_. cinereum. 
ff. Antenna much shorter than rostral spine; zoeae 
small; 5 zoeal stages; pleopod buds apparent at 
zoea IV •••••••••• , •••••••••••••• Ocypodidae (part) 
Uca spp. 
ee. Antennal exopodite approximately equal in length to 
protopodite and with 2 subterminal spines; telson bi-
furcate, each furcabearing 1 lateral spine •••• Majidae 
Libinia spp. 
dd. Carapace with lateral spines. 
e. Lateral spines short, arising from mid-lateral cara-
pace surface. 
f. Antennal protopodite long, smooth or with small 
spines distally; exopodite a small knob near base • 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xanthidae 
g. Antennal protopodite smooth. 
h. Telson furcae without dorsal or lateral 
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spines; lateral knobs on abdominal somites 
2 and 3 ••••••••• Hexapanopeus angustifrons 
hh. Telson furcae with 1 prominent dorsal 
spine. 
i. Posterolateral spines on abdominal 
somite 5 very long, extending at least 
to fork of telson; lateral knobs only 
on abdominal somite 2 •••••••••••••••• 
• • • • • • • • • • • • • Rhi thropanopeus, .harrisii 
ii. Posterolateral spines on abdominal 
somite 5 short; lateral knobs on ab-
dominal somites 2 and 3 •••••• Neopanope 
texana sayi 
gg. Antennal protopodite with small spines distally. 
h. Telson f'urcae with 1 prominent dorsal 
spine •••••••••••••• Eurypanopeus depressus 
hh. Telson furcae with l dorsal and 2 lateral 
(1 minute) spines ••••••• Panopeus herbstii 
ff. Antennal protopodite tapering to point and bear-
ing 2 rows of small spinules distally; exopodite 
stout, blunt, 1/2 or less the length of protopo-
dite and bearing terminal setae. 
g. Antennal exopodite 1/3 to 1/2 length of proto-
podite. 
h. Antennal exopodite bearing 3 unequal ter-
minal setae; telson furcae with 1 dorsal 
and 1 lateral spine; lateral knobs on 
abdominal somite 2 only ••••••••• Cancridae 
Cancer irroratus 
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hh. Anten.."1al exopodite bearing 2 unequal ter-
minal setae ••••••••• Portunidae (part) and 
Ocypodidae (part) 
i. Lateral knobs or hooks on abdominal 
somites 2-5; hook on somite 5 promi-
nent; hooks on somite 4 lost during 
development; telson furcae with 1 1.arge 
and 1 minute lateral spine and no 
dorsal spine •••••••• Portunidae (part) 
Ovalipes ocellatus 
ii. Lateral knobs only on abdominal somites 
2 and 3. 
j. Telson furcae without dorsal or 
lateral spines; abdominal somite 4 
with prominent lateral ridge ••••• 
•••••••••••••••• Ocypodidae (part) 
Ocypode quadrata 
jj. Telson furcae with l dorsal and l 
or 2 lateral spines •••• Portunidae 
(part) 
k. Telson furcae with l dorsal 
and l lateral spine; telson 
with 4 pairs of inner spines at 
zoea I •••••• Portunus ~ibbesii 
~. Telson furcae with l dorsal 
and 2 (l minute) lateral spines; 
telson with 3 pairs of inner 
spines at zoea I ••••••••••• P • 
.. spinimanus 
gg. Antennal exopodite much less than 1/3 length 
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of protopodite, with 2 unequal terminal setae • 
• • • • • • • • • • • • , ••••••••••••••• Portunidae ( part ) 
h. Telson f'urcae with 1 dorsal and 2 lateral 
(l minute) spines; posterolateral spines 
on abdominal somites 3-5 short and bifid; 
lateral spine:ros+,ral spine length ratio 
of about 1:3 •••••••••• Arenaeus cribrarius 
hh. Telson f'urcae with l dorsal and 1 lateral 
spine {perhaps l minute lateral spine also); 
posterolateral spines on abdominal somites 
3-5 relatively long, sharply pointed; those 
on somites 3 and 4 overlapping about 1/3 
of next somite; lateral spine:rostral spine 
ratio of about 1:5 •••• Callinectes sapidus 
ee. Lateral spines long, arising near posterolateral cara-
pace margin, and ventrally curved ••••••• Pinnotheridae 
{part) 
f. Abdominal somite 5 produced posterolaterally into 
pair of large "wing-like" projections overlapping 
telson ............................... Pinnixa spp. 
g. Telson without medial, spear-shaped tooth. 
h. Telson furcae without dorsal or lateral 
spines; distance between tips of f\:..rcae..2: 
maximum telson width ••••• , •• ,!:. cylindrica 
hh, Telson furcae without dorsal or lateral 
spines; distance between tips of furcae..::. 
maximum telson width; region of maximum 
width anterior to f'urcae, marked by lateral 
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ridge (early stages) or 2 or 3 lateral 
teeth (later stages) •••••••••••• ~· sayana 
gg. Telson with spear-shaped medial tooth •••••••• 
• • • • • • • • • • • • 9 •••••••••••••••• P. chaetopterana 
ff. Abdominal somite 5 cylindrical, not produced pos-
teriorly into "wings'! 
g. Rostral and lateral carapace spines shorter 
than dorsal; antennal exopodite represented 
by strong seta near base of protopodite in 
all stages •••••••••••••• Pinnotheres maculatus 
gg. Dorsal and lateral carapace spines shorter 
than rostral; antenna without exopodal seta •• 
••••••••••••••••••••••• ~issodactylus mellitae 
Systematic Discussion 
List of Taxa Included in Study 
Suborder Natantia 
Section Penaeidea 
Family Sergestidae 
Lucifer faxoni 
Acetes (1) 
Family Penaeidae 
Penaeus spp. (P. aztecus, P. duorarum and P. setiferus) 
Section Caridea 
Family Palaemonidae 
Palaemonetes spp. (P. intermedius, P. :pugio and P. vulgaris) 
Family Alpheidae 
Alpheus normanni 
A. sp. ("heterochaelis" ?) 
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Family Ogyrididae 
Ogyrides limicola 
Family Hippolytidae 
Hippolyte pleuracantha 
Family Crangonidae 
Crangon septemspinosa 
Suborder Reptantia 
Section Macrura 
Family Callianassidae 
Callianassa sp. A (= Q_. 
Callianassa sp. B (= Q_. 
Callianassa sp. C 
Family Upogebiidae 
Upogebia affinis 
Family Laomedidae 
Naushonia crangonoides 
Section Anomura 
Family Albuneidae 
Lepidopa websteri (?) 
Family Diogenidae 
Cliban~~ vittatus 
Family Hippidae 
Emerita talpoida 
Family Paguridae 
Pagurus longicarpus 
P. pollicaris 
Family Porcellanidae 
Euceramus praelongus 
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major?) 
atlantica?) 
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Polyon:yx gibbesi 
Section Brachyura 
Family Cancridae 
Cancer irroratus 
Family Grapsidae 
Sesarma cinereum 
.§.. reticulatum 
Family Majidae 
Libinia spp. (&. dubia, L. emarginata) 
Family Ocyoididae 
OcYJ)ode quadrata 
Uca spp. (g_. minax, !!.• pugilator and !!.• pugnax) 
Family Pinnotheridae 
Dissodactylus mellitae 
Pinnixa chaetopterana 
f.. cylindric a 
P. sayana 
Pinnotheres maculatus 
P. ostreum 
Family Portunidae 
Arenaeus cribrarius 
Callinectes sapidus 
Ovalipes ocellatus 
Portunus gibbesii 
f.. spinimanus 
Family Xanthidae 
Eurypanopeus depressus 
Hexapanopeus angustifrons 
34 
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Neo:panope 1~ sayi 
Panopeus herbstii 
Rhithropano:peus harrisii 
Description of Larval Stages 
Lucifer f~ Borradaile (Fig. 3) 
Source of description: Brooks (1882) 
35 
Number of larval stages: 4 protozoeal stages and 3 schizopod (= zoeal) 
stages(+ naupliar stages not considered here) 
Diagnosis: 
Protozoea I - Carapace horse-shoe shaped, with rostral spine, large 
posterolateral spines and large medial spine on posterodorsal bor-
der. Hind-body about as long as carapace, divided into thoracic 
somites 1-4 and unsegmented abdomen; terminal portion of abdomen 
with shallow medial cleft and 5+5 spines. Antennules and antennae 
natatory; mandibles reduced to cutting edges; maxillules, maxillae, 
and maxillipeds 1 and 2 setose. 
Protozoea II - Carapace elongated, less rounded anteriorly. Appendages 
as in previous stage. Pigment spots beneath carapace in position 
of compound eyes. 
Protozoea III - Carapace little changed. Hind-body somewhat longer 
than carapace and of 9 free somites and an unsegmented posterior 
portion representing fused 5th and 6th abdominal somites and telson. 
Antennules and antennae still chief locomotory appendages. 
Protozoea IV - Carapace somewhat longer. All abdominal somites free 
except somite 6, which remains fused with telson. Thoracic somite 
on which pereiopod 5 typically develops in decapod larvae lacking 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
Fig. 3. Lucifer faxoni Borradaile. A. Carapace of protozoea III; 
B. Telson of protozoea III; C. Lateral view of zoea I 
(= schizopod I). 
B 
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throughout Lucifer development; pereiopod 5 never develops. Rudi-
ments of ma.xilliped 3, pereiopods 1-4 and uropods apparent as bi-
lobed buds. 
Zoea I - Carapace with rostral spine and with acute anterolateral 
{ptery.gostomian?) spines beneath eyes but lacking posterolateral 
and posterodorsal spines; compound eyes stalked. Abdominal somite 
6 free; somites 1-6 with small, posteroventral hooks; abdomen 
laterally flattened. Antennules and antennae no longer natatory; 
locomotion accomplished by functional, setose thoracic appendages 
and biram.ous, setose uropods. 
Zoea II - Small pleopod buds apparent on abdominal somites 1-5. 
Zoea III - Pleopod buds large, club-shaped. Antennal exopodite now a 
scale. 
Acetes (?) 
Source of description: Brooks (1882) 
Number of larval stages: Unknown 
Diagnosis: 
General - Closely resembles Lucifer larvae. 
Last Protozoea - Carapace with rostral, dorsal and posterolateral 
spines and with anterior spines as long as rostrum projecting over 
eyes. Compound eyes stalked. Lower edges of abdominal somites 
with strong, projecting spines. Telson forked, with 6+6 spines. 
Zoea I - Dorsal and posterolateral spines lacking on carapace. Abdomi-
nal spines prominent, projecting ventrolaterally. Antennule with 
2 flagella (1 in Lucifer); antenna with scale and 10-segm.ented fla-
gellum. Pereiopods 1-4 present, l-3 with rudimentary chelae, 4 
represented only by exopodite, 5 never appears. Pleopods 1-3 long 
buds; pleopods 4 and 5 lacking. Uropods setose and functional. 
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Zoea II - Rostrum lonB and curved, with 1 small dorsal tooth. Pair 
of small spines at base of rostrum behind eyes. Eyestalks long. 
Antenna about half length of body. Exopodites of pereiopods rudi-
mentary; pereiopods 1-3 chelate, 4 represented only by small rudi-
ment. Pleopods 1-3 large, 2-segmented, setose. 
Zoea III - Rostrum lacking dorsal tooth. Antennal flagellum longer 
than body. Abdominal somite 1 lacking spines; spine on somite 3 
largest. Pleopods 4 and 5 present and biramous. 
Remarks: Brooks (1882) collected a few sergested larvae which were simi-
lar, but not identical, to those of Lucifer. On the basis of the fact 
that the zoeae possessed chelae on pereiopods 1-3, he tentatively 
assigned the larvae to the genus Acetes. However, the true identity 
of these larvae remains uncertain. 
Penaeus spp. 
Source of description: Cook and Murphy (1971) 
Number of larval stages: 3 protozoeal and 3 mysis (= zoeal) stages(+ 
naupliar stages not considered here). 
Diagnosis: 
Protozoea - General - Dorsal carapace surface smooth. Antennule and 
antenna approximately equal in length; antennal endopodite with 
1+1+2 lateral setae. 
Protozoea I - Carapace large, loose-fitting, not covering thorax; com-
pound eyes and median ocellus under anterior carapace. Thorax of 
6 somites; unsegmented abdomen bifurcate distally, with 7+7 spines. 
Antennule uniramous, natatory; antenna biramous, natatory; mandible 
lacking exopodite and endopodite; maxillules, maxillae and maxilli-
peds 1 and 2 developed, natatory; maxilliped 3 a small bud. 
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Protozoea II - Carapace with stalked compound eyes, down-turned rostrum 
and pair of bifurcate supraorbital spines. Abdomen of 5 somites; 
6th somite and telson fused. R-ooiments of ma.xilliped 3 and pereio-
pods present. 
Protozoea III - Carapace close-fitting, covering all but last 3 tho-
racic somites; supraorbital spines no longer bifurcate. Abdominal 
somite 6 free and bearing biramous uropods; uropodal exopodite 
setose. Abdominal somites l-5 with median spines on posterodorsal 
margin; somite 5 w:i.th pair of posterolateral spines also; somite 6 
with pair of posterolateral and pair of ventrolateral spines. 
Telson with 8+8 terminal spines. Maxilliped 3 and pereiopods bi-
ramous, non-functional. 
Zoea I - Carapace close-fitting, with rostrum, pair supraorbital spines, 
pair small hepatic spines and pterygostomian spine. Abdominal 
somites 3-5 with median spine on posterodorsal margin; somite 5 
also with pair posterolateral spines; somite 6 with dorsomedian 
and ventromedian spines plus paired posterolateral and ventrolateral 
spines. Abdominal somites 1-5 with minute pleopod buds. Telson 
narrow, cleft terminally, with 7+7 terminal and l+l lateral spines. 
Uropod with formed basis and long setose exopodite and endopodite. 
Exopodite of antenna becoming modified to form scale. All pereio-
pods biramous, with natatory exopodites; endopodites of pereiopods 
1-3 with incipient chelae. 
Zoea II - Carapace with dorsal tooth on rostrum. Abdominal somites 
1-5 with small unsegmented pleopod buds. Telson with 6+6 terminal 
and 2+2 lateral spines. Antennal scale with outer spine at tip. 
Zoea III - Carapace with 1-2 dorsal teeth on rostrum. Antennal endo-
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podite 2-segmented. Pleopod buds 2-segmented, with 2-3 terminal 
oetae. 
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Remarks: The larvae of Penaeus aztecus, f.• duora.rUll~ and P. setiferus 
cannot be distinguished specifically (Cook, 1966; Perez Farfante, 1969; 
Cook and Murphy, 1971). No Penaeus larval stages are figured here 
since no specimens were available, but the zoeal stages are similar 
in general to that figured for TrachY;Penaeus constrictus. Cook (1966) 
gives good generalized figures which emphasize prominent taxonomic 
characters of Penaeus protozoeal and zoeal stages. 
Trachy:penaeus constrictus (Stimpson) (Fig. 4) 
Source of description: Pearson (1939); Cook (1966) 
Number of larval stages: 3 protozoeal and 2 (3?) mysis (= zoeal) stages 
(+ naupliar stages not considered here). 
Diagnosis: 
Protozoea - General - Carapace with small dorsal bump. Antennule 
about 1 l/2 times length of antenna; antennal endopodite with 2+2 
lateral and 4 terminal setae. 
Protozoea I - Eyes sessile, beneath carapace. 
Protozoea II - Eyes stalked. Carapace with rostrum, but without supra-
orbital spines. Abdomen unsegmented, unarmed. 
Protozoea III Rostrum long; carapace without supraorbital spines. 
Abdomen of 6 somites; somites 1-5 with median spine on posterodor-
sal margin; somites 5 and 6 with posterolateral spines; somite 6 
with 2 pairs ventrolateral spines. Uropods present; exopodite 
setose. Telson with 8+8 terminal spines. 
Zoea I - Carapace with pair supraorbital and pair suborbital spines 
but without hepatic spines. Rostrum with 1 dorsal spine. Short 
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Fig, 4. Trachypenaeus constrictus (Stimpson). Lateral view of 
zoea II (III?). 
41 
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posterodorsal spine on abdominal somite 4, long spines on somites 
5 and 6; posterolateral spines present or absent on somite 5. All 
pereiopods biramous, with natatory exopodites; endopodites of pereio-
pods 1-3 with incipient chelae. 
Zoea II - Carapace without supra- or suborbital spines; rostrum with 
3 dorsal spines. Large uniramous pleopod buds present. 
Remarks: Pearson (1939) described only 2 mysis (= zoeal) stages in the 
development of T. constrictus, and his figure of mysis II (p. 50) 
resembles my figure. However, he stated that, 11 The pleopods are 
frequently developed in some specimens to a greater extent than in 
other specimens in the same mysis stage," which may indicate 3 zoeal 
stages in the series. 
Palaemonetes spp. (Fig. 5) 
Source of description: Broad (195a); Knowlton (1970a); personal obser-
vations of reared and planktonic specimens. 
Number of larval stages: typically, 7 zoeal forms are represented in 
development, but the actual number of instars passed is known to vary 
form 5 to 16 for laboratory-reared larvae (Knowlton, 1970a; Sandifer, 
Part III). 
Diagnosis: 
Zoea I - Eyes sessile. Carapace, rostrum and abdomen unarmed. Ros-
trum strong, down-curved at tip. Abdomen of 5 somites; 6th somite 
fused with telson. Telson broad, triangular, with straight pos-
terior margin lacking medial cleft and bearing 7+7 spines. Anten-
nular peduncle unsegmented. Antennal scale with 4 small distal 
segments; flagellum unsegmented, with l long terminal seta. Maxil-
lipeds 1-3 biramous, with natatory exopodites; pereiopods land 2 
rudimentary. 
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Fig. 5. Palaemonetes spp. A. Lateral view of zoea I; B. Telson 
of zoea I; C. Carapace of zoea VI; D. Abdominal sornite 
5 of zoea VI. 
D 
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Zoea II - Eyes stalked. Carapace with supraorbital and branchiostegal 
(= pterygostomian?) spines; rostrum with l dorsal tooth behind eye. 
Abdominal somite 5 with large posterolateral spine. Telson with 
8+8 terminal spines (inner pair minute). Antennular peduncle 2-
segmented. Antennal scale with 3 distal segments; flagellum with 
1 long and 2 short terminal setae. Pereiopod 1 biramous, with 
natatory exopodite. 
Zoea III - Abdominal somite 6 free, Telson narrower than previously, 
with 7+7 terminal spines (inner pair minute). Antennular peduncle 
with rudimentary stylocerite. Antennal scale with 2 distal seg-
ments; endopodite of a short peduncle and an unsegmented flagellum 
bearing 2 short and 2 minute terminal setae. Pereiopod 2 biramous, 
with natatory exopodite; pereiopod 3 biramous, rudimentary. Uropod 
biramous, unsegmented; exopodite setose, endopodite a naked rudi-
ment. 
Zoea IV - Rostrum with 2 dorsal teeth behind eye. Telson narrow, 
nearly rectangular, with 5+5 terminal spines (inner pair minute). 
Antennal scale not segmented. Pereiopods 3 and 4 biramous, rudi-
mentary; pereiopod 5 uniramous, rudimentary. Uropodal basis formed; 
exopodite and endopodite setose. Small, uniramous pleopod buds on 
abdominal somites 1-5. 
Zoea V - Pereiopods functional, all but 5th biramous; land 2 becoming 
chelate; 5th ending in long, claw-like spine. Biramous pleopod 
rudiments present. 
Zoea VI - Telson with 4+4 terminal spines. Pleopod l rudimentary; 
pleopods 2-5 with sparsely setose exopodites. 
Zoea VII - Rostrum tip curved upward, Antennal flagellum of several 
segments. Pleopod 1 with rudimentary endopodite apparent; 
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pleopods 2-5 with setose exopodites and endopodites; endopodites 
with small appendices internae. 
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Remarks: The larval stages of P. intermedius, P. pugio and P. vulgaris 
are similar and no good characters for distinguishing among them have 
been reported (Broad, 1957a; Broad and Hubschman, 1962). Also, lar-
val development in these species is highly variable with regard to 
number of instars, and successive instars often exhibit considerable 
morphological overlap (Broad, 1957a; Knowlton, 1970a; personal obser-
vations). In this study I have combined Bread's (1957a) results from 
rearing studies with my original observations and those of Knowlton 
(1970a) to define distinguishable forms. These forms do not neces-
sarily represent individual instars, and consequently some of their 
characters may be variable. No measurements are given here because 
of the "mixed" nature of the description. However, it should be noted 
that, at comparable stages of development, Palaemonetes larvae are 
generally large relative to the other caridean larvae of the Bay. 
Alpheus normanni Kingsley (Fig. 6) 
Source of description: Brooks and Herrick (1892, as A. minor); personal 
observations on planktonic specimens. 
Number of larval stages: unknown, but at least:>5 zoeal stages in develop-
ment. 
Diagnosis: 
Zoea I - Eyes sessile. Abdomen of 5 somites; 6th somite fused with 
telson; abdominal somites without spines. Antennal scale cylin-
drical in appearance and 5-segmented distally; flagellum with long 
terminal seta. No other characteristics known. 
Zoea II - Eyes stalked. Carapace not much longer than wide; rostrum 
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Fig. 6. Alpheus normanni Kingsley(?). A. Lateral view of zoea 
III; B. Dorsal view of carapace of zoea III; C. Telson of 
zoea II; D. Telson of zoea III. 
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pointed, nearly as long as eyes. Telson triangular with slight 
medial cleft and 7+7 terminal and l+l lateral spines. Exopodites 
of maxillipeds 1-3 setose, natatory. Pereiopod 1 a large biramous 
rudiment; pereiopod 2 a small knob; pereiopods 3 and 4 lacking; 
pereiopod 5 a large uniramous rudiment. 
Zoea III - Abdominal somite 6 free. Telson narrower than in preceding 
stages, with 7+7 terminal spines and without lateral spines. An-
tennal scale unsegmented; flagellum without terminal seta. Exopo-
dite of pereiopod l natatory; endopodite a rudimentary knob; pereio-
pod 2 rudimentary; pereiopod 5 long, styliform, reaching nearly to 
anterior tip of body; other pereiopods lacking. Uropods present; 
basis not formed; exopodite setose; endopodite rudimentary, 
Zoea IV - Pereiopod 1 endopodite completely lacking; pereiopod 2 endo-
podite a rudimentary knob, exopodite natatory; pereiopods 3 and 4 
apparent as buds. Uropodal basis formed; endopodite setose. 
Zoea V - Abdominal somites 1-5 with small pleopod buds. Telson nar-
row, with small terminal spines. Exopodites of pereiopods 3 and 4 
natatory; endopodites of pereiopods 1-4 now a.pparent (?). 
Later stages - 11 During the successive molts the abdominal appendages 
become fully developed, the eyes become completely covered by the 
anterior edge of the carapace, the antennae become elongated, the 
antennule develops a scale, the swimming exopodites of the maxil-
lipeds and thoracic legs disappear, these appendages assume their 
adult form, and acquire gills."(Brooks and Herrick, 1892, p.364) 
Remarks: Brooks and Herrick (1892, p. 361) remarked that: 11 The stage 
in which the larva hatches from the egg is of very short duration as 
it molts and passes into the second stage within a few hours a~er 
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hatching." In my study of planktonic larvae (Part IV), I never found 
specimens of zoea I, although I collected several specimens of zoea II 
and a few of zoea III and IV. Thus, my observations support those of 
Brooks and Herrick (1892) and suggest that zoea II of Alpheus is the 
first free-swimming stage of notable duration. 
With regard to specific identification of these larvae, R. E. 
Knowlton (personal communication) confirmed my belief that these lar-
vae probably are!_. normanni, but he noted that larvae of A. normanni 
and!• armillatus are very similar and difficult to differentiate. 
However, since A. armillatus has never been recorded from Chesapeake 
Bay, my larvae apparently are those of A. normanni. 
Alpheus sp. ("heterochaelis"?) (Fig. 7) 
Source of description: Brooks and Herrick (1892); personal observations 
on planktonic specimens 
Number of larval stages: unknown, but at least -:> 5 zoeal stages in develop-
ment 
Diagnosis: 
Development of A. sp. ("heterochaelis"?) also is extended, exactly 
paralleling that of!· normanni, so the description of stages will 
be omitted here. !• sp. ("heterochaelis"?) larvae may be distin-
guished by the following characteristics: carapace much longer 
than wide; rostrum triangular, much shorter than eyes; larvae slen-
der in appearance; telson with 8+8 spines in zoea II according to 
Brooks and Herrick but with 7+7 spines in the few planktonic speci-
mens examined by me; zoea III telson with l+l lateral and 7+7 ter-
minal spines; and buds of pereiopods 2-4 present at zoea II and III. 
Remarks: As in the case of!• normanni, no specimens of zoea I were seen 
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Fig, 7, Alpheus sp. ("heterochaelis"?), A. Lateral view of zoea 
III; B, Dorsal view of carapace of zoea III; C. Telson of 
zoea II; D. Telson of zoea III, 
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in plankton samples, and A. sp. ("heterochaelis"?) larvae were much 
less commonly collected than were those of A. normanni. 
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In addition to the extended type of development, Brooks and Herrick 
(1892) also described an abbreviated development for North Carolina 
!• heterochaelis. Recently, Knowlton (1970a) has described this abbre-
viated development in detail, but he (1970b) noted that"~- beterochaelis" 
from Florida exhibited extended development. Since no larvae corres-
ponding to the stages described by Knowlton (1970a) were seen in the 
Chesapeake Bay, I presume that my larvae may represent the Florida 
form. However, R. E. Knowlton (personal communication) has suggested 
that my larvae m~y instead represent Leptalpheus forceps, 
Ogyrides limicola Williams (Fig. 8) 
Source of description: Sandifer (Part II) 
Number of larval stages: usually 8 zoeal forms in development, but actual 
numbers of instars may vary at least from 8 to 11. 
Diagnosis: 
Zoea I - Total length, reared specimens= 2.03 mm (1.74 to 2.11 mm); 
planktonic specimens= 1,99 mm (1.80 to 2.08 mm). Eyes sessile. 
Carapace without dorsal spines or protuberances; anterolateral 
margin with 1 sharp spine behind acute pterygostomian region. Ros-
trum small, not extending beyond eyes. Abdomen of 5 somites; 6th 
somite fused with telson. Telson triangular with shallow medial 
cleft and bearing 7+7 terminal spines. Antennal flagellum shorter 
than scale; distal 2/5 constricted and tapering to point, with 2 
rows of spinules; long plumose seta arising at point of constric-
tion. Antennal scale with 2 tiny distal segments. Maxillipeds 
1-3 bira.mous, functional, with natatory exopodites. Pereiopod 1 
rudimentary. 
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Fig. 8. Ogyrides limicola Williams. Lateral view of zoea I. 
0.5 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
52 
Zoea II - Total length, reared specimens= 2.24 mm (2.13 to 2,36 mm); 
planktonic specimens= 2,37 mm (2.25 to 2,53 mm), Eyes stalked, 
Telson with 8+8 terminal spines. Antennal scale with 1 terminal 
segment. Pereiopod la large, biramous rudiment; pereiopod 2 a 
small knob. 
Zoea III - Total length, reared specimens= 2.51 mm (2.31 to 2.68 mm); 
planktonic specimens= 2.68 mm (2.60 to 2.75 mm). Carapace usually 
with pair small supraorbital teeth. Abdominal somite 6 free. 
Telson narrower than in preceding stages but preserving triangular 
shape and with 8+8 spines. Antennal flagellum lacking subterminal 
seta. Pereiopod l bira.mous, functional, with natatory exopodite; 
pereiopod 2 a naked biram.ous rudiment; pereiopods 3 and 4 small 
knobs; pereiopod 5 lacking. Uropods present; basis not formed; 
exopodite setose, endopodite rudimentary. 
Zoea IV - Total length, reared specimens= 2.82 mm (2.60 to 3.00 mm); 
planktonic specimens= 3,09 nnr. (2.88 to 3,25 mm). Telson narrow, 
with sides nearly parallel; posterior margin nearly straight; 3~-3 
lateral and 5+5 terminal spines. Antennal scale with small outer 
spine at tip. Pereiopod 2 functional, with natatory exopodite; 
pereiopod 3 a large biramous rudiment; pereiopod 4 a small bira.mous 
rudiment; pereiopod 5 a small uniramous rudiment. Uropodal basis 
formed; exopodite and endopodite setose; exopodite with small outer 
spine at tip. 
Zoea V - Total length, reared specimens= 3,18 mm (3,08 to 3,45 mm); 
planktonic specimens= 3,57 mm (3.38 to 3,83 mm). Telson narrower 
but with same spine formula as in preceding stage. Pereiopods 1-3 
with natatory exopodites; pereiopods 4 and 5 large biramous and 
uniramous rudiments, respectively. 
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Zoea VI - Total length, reared specimens= 3.53 mm (3.27 to 3.67 mm); 
planktonic specimens= 3.99 mm (3.73 to 4.15 mm). Pereiopod 4 
with natatory exopodite; endopodite usually incompletely segmented. 
Pereiopod 5 a large unira.mous rudiment, usually with 1 subterminal 
seta. Occasionally minute pleopod buds present on abdominal somites 
1-5. 
Zoea VII - Total length, reared specimens= 3.90 mm (3.77 to 4.14 mm); 
planktonic specimens= 4.20 mm (4.03 to 4.40 mm). Abdomen with 
small, biramous pleopod buds on somites 1-5. Antennal flagellum 
nearly as long as scale. Pereiopods 1 and 2 becoming chelate; 
pereiopod 5 4-segmented. 
Zoea VIII - Total length, reared specimens= 4.04 mm (3.72 to 4.27 mm); 
planktonic specimens= 4.88 mm (4.43 to 5.40 mm). Abdomen with 
large, biramous pleopod buds. Telson with 4+4 terminal spines. 
Antennal flagellum slightly to about 1/3 longer than scale and 
usually 3-segmented. Pereiopods 1 and 2 definitely chelate. 
Hippolyte pleuracantha (Stimpson) (Fig. 9),. 
Source of description: Gurney (1936); personal observation of reared 
specimens. 
Number of larval stages: usually 7 zoeal forms in development, but the 
actual number of instars may vary at least from 6 to 9 among labora-
tory-reared larvae (Provenzano and Dobkin, 1962; personal observations). 
Diagnosis: 
Zoea I - Total length= 1.43 mm (1.35 to 1.50 mm). Eyes sessile. 
Carapace with pointed rostrum extending beyond eyes to tip of an-
tennular basis and with 4 (rarely 3) marginal teeth behind acute 
pterygostomian region. Abdomen of 5 somites; 6th somite fused with 
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Fig. 9. Hippolyte pleuracantha (Stimpson). A. Lateral view of zoea 
I; B. Telson of zoea I. 
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telson; somite 5 with pair of posterolateral spines. Telson tri-
angular with shallow medial cleft and 7+7 terminal spines. Anal 
papilla present, but lacking anal spine. Antennular basis unseg-
mented, bearing terminally a large plumose seta on inner margin and 
a short, unsegmented outer flagellum; flagellum with l stout and 3 
slender terminal aesthetascs. Antennal basis unsegmented, with 
ventral spine at base of flagellum; scale with 2 small distal seg-
ments and 8 long setae on inner margin and 3 smaller setae on outer 
margin; flagellum approximately as long as scale, unsegmented; dis-
tal 2/5 with spinules and tapering to point. Exopodites of maxil-
lipeds 1-3 with 3 (terminal)+ 1 (subterminal), 3+2, and 3+2 nata-
tory setae, respectively. Pereiopod la small knob; pereiopod 2 
a minute knob. 
Zoea II - Total length= 1.50 mm (1.43 to 1.57 mm). Eyes stalked. 
Telson with 8+8 spines. Antennular basis 2-segmented; proximal 
segment with 2 outwardly-directed setae at terminal border; distal 
segment bearing terminally 1-2 small plumose setae, long plumose 
seta and outer flagellum; flagellum with 1 stout and 5 slender aes-
thetascs, Antennal scale with l distal segment. Maxillipeds 1-3 
with 4+1, 4+2 and 4+2 natatory setae, respectively. Buds of pereio-
pods 1 and 2 clearly visible. 
Zoea III - Total length= 1.61 mm (1,53 to 1.82 mm). Carapace with 
pair small supraorbital teeth; rostrum triangular, short. Abdomi-
nal somite 6 free, with pair small posterolateral spines. Telson 
narrower than in preceding stage; medial cleft very shallow; l+l 
lateral and 7+7 terminal spines. Anal papilla obscure; no anal 
spine. Base of large inner seta on terminal margin of distal basal 
segment of antennule bulbous, marking beginning of inner flagellum; 
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other portions with additional seta. Antennal scale with large 
outer spine at tip and with 11 marginal setae; flagellum about 2/3 
length of scale. Pereiopod 1 biramous; exopodite with 4+2 natatory 
setae; pereiopod 2 a large biramous rudiment. Uropod biramous; 
basis not formed; exopodite with 7 marginal setae; endopodite rudi-
mentary with 0-2 marginal setae. 
Zoea IV - Total length= 1.74 mm (1.60 to 1.97 mm). Telson narrow, 
sides nearly parallel, nearly rectangular, with l+l lateral and 
6+6 terminal spines. Large anal spine present. Antennal scale 
with 12 marginal setae; flagellum stout, approximately 2/3 length 
of scale, sharply tapering and spinulose along distal 1/5. Pereio-
pod 2 functional; exopodite 0 with 4+2 natatory setae. Pleopod buds 
occasionally present as minute knobs on abdominal somites 1-5. 
Uropodal basis formed; exopodite with minute outer spine at tip 
and 9 marginal setae; endopodite with 6 marginal setae. 
Zoea V - ~otal length= 1.89 mm (only 1 specimen measured). Telson 
rectangular with 2+2 lateral and 6+6 terminal spines. Inner fla-
gellum of antennule 1/3-1/2 length of outer flagellum. Antennal 
scale with 14-15 marginal setae. Endopodites of pereiopods land 
2 unsegmented, with small incipient chelae; pereiopods 3-5 large, 
uniramous rudiments. Sm.all biramous pleopod buds present on ab-
dominal somites 1-5. Uropodal exopodite with 12 marginal setae, 
endopodite with 9. Anal spine nearly as long as uropodal basis. 
Zoea VI - Total length= 2.17 mm (1.72 to 2.61 mm). Telson similar 
to that of previous stage but becoming slightly pointed posteriorly. 
Pereiopods land 2 with chelate endopodites; pereiopods 3-5 unira-
mous, unsegmented but nearly as large as other legs and occasion-
ally with 1-2 subterminal setae. Pleopod buds large, biramous, 
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showing evidence of 2 portions but not 2-s.egmented. Antennal fla-
gellum tapering to short, sharp spine. 
Zoea VII - Total length= 2.32 mm (2.04 to 2.61 mm). Telson and uro-
pods essentially as in previous stage. Antennal scale with 16-17 
marginal setae; flagellum tapering to blunt tip. Pleopods 2-seg-
mented; exopodite rarely with 1-2 setae. 
Remarks: Gurney (1936) briefly described some larvae of li• pleuracantha 
bermudensis and figured some stages. Because of uncertainty as to the 
degree to which li· pleuracantha larvae from Virginia resembled those 
of the Bermuda subspecies, I reared H. pleuracantha larvae.and found 
the laboratory-reared larvae to be generally similar to those described 
by Gurney. However, since Gurney's descriptions were very brief', the 
above rather detailed descriptions and measurements were taken primarily 
from my notes on the reared specimens. Also, Gurney described 6 zoeae 
from the plankton, but Provenzano and Dobkin (1962) and I found that 
the number of larval instars was variable. I noted 7 distinguishable 
zoeal forms. 
Crangon septemspinosa Say (Fig. 10) 
Source of description: Tesmer and Broad (1964); personal observations 
on planktonic specimens. 
Number of larval stages: usually 7 distinguishable zoeal forms in develop-
ment, but Tesmer and Broad (1964) infrequently noted a.n 8th and a 9th 
form among laboratory-reared larvae. 
Diagnosis: 
Zoea I - Total length= 2.05 mm (1.85 to 2.43 mm). Eyes sessile. 
Carapace with stout rostrum and bearing 3 marginal spines behind 
pterygostomian spine. Abdomen of 5 somites; 6th somite fused with 
telson. Abdominal somite 3 with large, posteriorly-directed dorsal 
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Fig. 10. Crangon septemspinosa Say. A. Lateral view of zoea I; 
B. Telson of zoea I. 
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spine; somite 5 with posterolateral spines. Telson triangular with 
deep medial cleft in posterior margin and bearing 7+7 spines. 
Antennule uniramous, bearing short terminal seta and unsegmented 
flagellum with 4 aesthetascs. Antenna biramous; scale unsegmented; 
flagellum less than half length of scale and bearing long terminal 
seta. Maxillipeds 1-3 biramous; exopodites with 3 (terminal)+ 1 
(subterminal), 3+2 and 3+2 natatory setae, respectively. 
Zoea II - Total length= 2.42 mm (2.o5 to 2.73 mm). Eyes stalked. 
Posterior telson margin with slight indentation and 8+8 spines. 
Seta at tip of antennule short, stout, serrate. Antennal scale 
occasionally with large outer spine at tip; flagellum nearly as long 
as scale. Exopodites of maxillip~ds 1-3 with 4+1, 4+2 and 4+2 
natatory setae, respectively. 
Zoea III - Total length= 2.90 mm (2.66 to 3.20 mm). Abdominal somite 
6 free and bearing posterolateral spines. Antennal scale with large 
outer spine at tip. Pereiopod 1 biramous; exopodite rudimentary, 
w::. ~ ~;_out setae or bearing 2+2 setae; endopodi te rudimentary. Pereio-
pods 2-5 uniramous buds. Uropods biramous, without formed basis; 
exo~odite setose; endopodite rudimentary. Pleopods occasionally 
present as minute knobs on abdominal somites 1-5. 
Zoea IV - Total length= 3.27 mm (3.05 to 3.54 mm). Exopodite of 
pereiopod 1 with 4+2 natatory setae; endopodite large but unsegmented 
or only partially segmented. Uniramous rudiments of pereiopods 
2-5 large, unsegmented. Uropodal basis not formed; endopodite with 
1-2 or more setae and nearly as large as exopodite. Pleopods pre-
sent as knobby, uniramous buds on abdominal somites 1-5. 
Zoea V - Total length= 3.56 mm (3.17 to 4.10 mm). Endopodite of 
pereiopod 1 of at least 4 articles; pereiopods 2-5 unsegmented or 
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partially segmented. Uropodal basis formed; exopodite with strong 
outer spine at tip. Pleopods small uniramous buds. 
Zoea VI - Total length = 3. 61 mm ( 3. 54 to 3. 68 mm, 2 specimens measured) • 
Endopodite of pereiopod 1 becoming subchelate; endopodites of pereio-
pods 2-5 large, segmented. Pleopods large, unsegmented rudiments. 
Zoea VII - Total length= 3.78 mm (3.47 to 4.20 mm, 3 specimens 
measured). Endopodite of pereiopod 1 subchelate. Pleopods large, 
uniramous, 2-segmented. 
Remarks: In my study I found that planktonic larvae did not fit precisely 
into all the forms described by Tesmer arid Broad (1964) from laboratory-
reared specimens. Therefore, I combined elements of the descriptions 
from Tesmer and Broad with my own observations on planktonic larvae 
in preparing the above descriptions. Lengths given are measurements 
of preserved planktonic specimens and were not taken from Tesmer and 
Broad. 
Callianassa sp. A(= g_. major Say?) (Fig. 11) 
Source of description: Sandifer (Part II) 
Number of larval stages: 4 zoeal stages taken in plankton samples 
Diagnosis: 
Zoea I - Total length= 2.79 mm (2.60 to 3.03 mm). Eyes sessile. 
Anterolateral carapace margin toothed; rostrum narrow, pointed, 
laterally denticulate distally. Abdomen of 5 somites; 6th somite 
fused with telson. Abdominal somite 2 with large dorsal spine over-
lapping all of somite 3; somites 3-5 with small medial spines on 
posterodorsal border. Telson triangular with small medial cleft 
and 7+1+7 terminal processes; unpaired medial spine large and unar-
ticulated; process #2 hair-like. Anal spine present. Maxillipeds 
1-3 biramous; exopodites with 4, 4 and 5 natatory setae, respectively. 
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Fig. 11. Callianassa sp. A(=~. major?). A. Lateral view of 
zoea I; B. Telson of zoea I; C. Telson of zoea II; 
D. Telson of zoea III; E. Telson of zoea IV. 
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Zoea II - Total length= 3.39 mm (3.03 to 3.65 mm). Eyes stalked, 
Rostrum broad and laterally denticulate distally. Telson without 
medial cleft and with 8+1+8 terminal processes. Exopodites of 
maxillipeds 1-3 with 5 natatory setae. Pereiopods 1 and 2 large, 
unsegmented, biramous rudiments. 
Zoea III - Total length = 3 .99 mm (3 .84 to 4 .19 mm). Abdominal somite 
6 free and bearing long medial spine on posterodorsal margin and 
long ventral spine at base of each uropod. Telson narrower than in 
previous stage. Uropods present; basis not formed; exopodite setose; 
endopodite rudimentary. Small, biramous pleopod buds on abdominal 
somites 3-5. Pereiopods 1 and 2 functional; exopodites with 5 
natatory setae; endopodites partially segmented and cheliform. 
Pereiopods 3 and 4 biramous rudiments; pereiopod 5 unira.mous rudi-
ment. 
Zoea IV - Total length= 4.44 mm (4.19 to 4.61 mm). Abdominal somite 
6 with ventral spines at base of uropods reduced and with addition 
of large medial spine near posteroventral border. Telson narrower. 
Uropodal basis formed; exopodite and endopodite setose; exopodite 
with large outer spine at tip. Large, biramous pleopod buds on 
abdomina.l. somites 3-5. Exopodite of pereiopod 3 with 5 natatory 
setae; exopodite of pereiopod 4 rudimentary; pereiopod 5 lacking 
exopodite. 
Callianassa sp, B (= £_. atlantica Rathbun?) (Fig. 12) 
Source of description: Sandifer (Part II) 
Number of larval stages: 2 zoeal stages taken in plankton samples 
Diagnosis: 
Zoea I - Total length= 5,24 mm (4.79 to 5.56 mm). Eyes sessile. 
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Fig. 12. Callianassa sp. B (= £• atlantica Rathbun?). A. Lateral 
view of zoea I; B. Telson of zoea I. 
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Anterolateral carapace margin toothed; rostrum broad, laterally 
serrate distally. Abdomen of 5 somites; 6th somite and telson fused. 
Abdominal somite 2 with large dorsal spine overlapping 1/3 to 1/2 
of next somite; somites 3-5 with small medial spine on posterodorsal 
margin. Telson broadly triangular with 16-18+1+16-18 terminal 
processes; 2nd processes hair-like; medial process a large, unar-
ticulated spine. Anal spine present. Maxillipeds 1-3 biramous, 
functional; exopodites with 4, 4 and 5 natatory setae, respectively. 
Pereiopods 1-5 formed and at least partially segmented but enclosed 
in thoracic swelling. 
Zoea II - Total length= 5.57 Illill (5.31 to 6.08 mm). Eyes stalked. 
Abdominal somite 6 free and with posterodorsal spine; somites 3-5 
with large, biramous pleopod buds. Telson unchanged. Pereiopods 
1-5 well formed, segmented; 1-4 with rudimentary, non-setose exo-
podites; 5 uniramous; 1 and 2 chelate. 
Callianassa sp. C (Fig. 13) 
Source of description: Sandifer (Part II) 
Number of larval stages: 1 zoeal stage taken in plankton samples. 
Diagnosis: 
Zoea I - Total length= 7.49 mm (1 specimen available for study). 
Eyes sessile. Anterolateral carapace margin toothed; rostrum broad, 
laterally serrate distally. Abdomen of 5 somites; 6th somite fused 
with telson. Abdominal somite 2 with large dorsal spine overlapping 
most of ne~t somite; somites 3-5 with small medial spine on postero-
dorsal border. Telson broadly triangular with 16+1+16 terminal 
processes; 2nd process hair-like; medial process a large, unarti-
culated spine. Small anal spine present. Large, biramous pleopod 
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Fig. 13. Callianassa sp. C. A. Lateral view of zoea I; B. Telson 
of ?:oea I. 
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buds on abdominal somites 3-5. Maxillipeds 1-3 biramous, functional; 
exopodites with 9, 13 and 13 natatory setae, respectively. Pereio-
pods 1-5 formed but enclosed in large thoracic swelling. 
Upogebia affinis (Say) (Fig. 14) 
Source of description: Sandifer (Part II) 
Number of larval stages: 4 zoeal stages distinguishable among plank.tonic 
specimens. 
Diagnosis: 
Zoea I - Total length= 2.08 mm (1.98 to 2.18 mm). Eyes sessile. 
Carapace and rostrum unarmed; rostrum strong, slightly curved down-
ward. Abdomen of 5 somites; 6th somite fused with telson; somite 
5 with posterolateral spines. Telson triangular with deep medial 
cleft and 7+7 terminal processes; 2nd process hair-like. Anal spine 
present. Antennal flagellum about 2/3 to 3/4 length of scale, 
blunt, with 3 long terminal setae. Maxillipeds 1 and 2 biramous, 
functional; exopodites each with 4 natatory setae; maxilliped 3 a 
large bira.mous rudiment. Pereiopod 1 a large biramous rudiment; 
pereiopods 2 and 3 small biramous rudiments; pereiopods 4 and 5 
very small uniramous buds. 
Zoea II - Total length= 2.42 mm (2.16 to 2.65 mm). Eyes stalked. 
Telson with slight medial indentation and 8+1+8 processes; medial 
process small, articulated. Exopodites of ma.xillipeds 1-3 with 
5-6, 6 and 6 natatory setae, respectively. Endopodite of pereio-
pod 1 unsegmented; exopodite with 5-6 natatory setae. Pereiopods 
2-5 rudimentary. Minute pleopod buds apparent on abdominal somites 
2-5. 
Zoea III - Total length= 2.87 mm (2.68 to 3.05 mm). Abdominal somite 
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Fig. 14. Upogebia affinis (Say). A. Lateral view of zoea I; 
B. Telson of zoea I; C. Telson of zoea II. 
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6 free and bearing 2 small spines on posterodorsal margin. Telson 
narrower than in precedi.ng stages; 4th processes largest and unar-
ticulated. Antennal fl.agellum bluntly pointed, with 1-2 terminal 
'I 
setae. Exopodites of maxillipeds 1-3 with 5-6, 6-7 and 7 natatory 
setae, respectively. Pereiopods 1-3 bira.mous; exopoditewith 7, 
4-6, and 2-5 natatory setae, respectively; pereiopods 4 and 5 large, 
unsegmented, unira.mous rudiments. Small uniramous pleopod buds on 
abdominal somites 2-5. Uropods present; basis not formed; exopo~ 
dite setose; endopodite rudimentary. 
Zoea rv - Total length= 3.87 mm (3.42 to 4.17 mm). Sides of telson 
nearly parallel; 2nd processes now spines. Antennal flagellum 
slightly to 1/3 longer than scale. Exopodites of maxillipeds 1-3 
with 6, 7 and 7 natatory setae, respectively. Endopodites of pereio-
pods 1-3 large, flattened; exopodites with 7, 7 and 6 natatory setae, 
respectively. Pereiopods 4 and 5 uniramous. Large, uniramous 
pleopod buds on abdomen. Uropodal basis formed; exopodite and en-
dopodite setose; exopodite with outer spine at tip. 
Remarks: M. H. Roberts, Jr. (personal communication) has found that 
laboratory-reared U. affinis larvae pass through 4 or 5 zoeal stages 
before metamorphosis, with the 4th and 5th stages being very similar. 
I was able to distinguish only 4 stages among planktonic specimens. 
Naushonia crangonoides Kingsley (Fig. 15) 
Source of description: Thompson (1903); personal observations on plank-
tonic specimens. 
Number of larval stages: 5 zoeal stages 
Diagnosis: 
Zoea I - Total length= 2,2 to 2.6 mm, Carapace smooth, forming short 
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Fig. 15. Naushonia crangonoides Kingsley. A. Lateral view of zoea I; 
B. Telson of zoea I; C. Lateral view of zoea IV; D. Telson 
of zoea IV. 
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"neck" forward of mandibles. Rostrum minute, upturned. Abdomen 
of 5 somites; 6th somite and telson f'used. Abdominal somites 1-5 
with ventrolateral angles produced into arcuate spines, imperfectly 
on somite 1. Telson triangular, more or less forked, with deep 
cleft in terminal border and with 5+5 articulated spines between 
forks. Mandible obvious, highly asymmetrical; left mandible a 
strong arcuate spine. Ma.xillipeds land 2 biramous, functional, 
with natatory exopodites; ma.xilliped 3 a large uniramous rudiment. 
Pcreiopod 1 a small uniramous bud. 
Zoea II - Total length= 4 mm. Telson with shallow medial cleft and 
7+7 articulated inner spines. Maxilliped 3 with natatory exopodite. 
Pereiopod la small biramous rudiment; pereiopods 2-5 uniramous buds, 
Zoea III - Total length = > 5 mm. Abdominal somite 6 free, Tel son 
narrower than in preceding stages, markedly forked, lacking medial 
cleft and with 14-15 articulated spines in fork. Pereiopod l with 
natatory exopoaite; pereiopods 2-4 biramous rudiments; pereiopod 5 
a uniramous bud. Pleopods present as small, uniramous knobs on 
abdominal somites 2-5, Uropods present; basis not formed; exopo-
dite and endopodite setose, 
Zoea IV - Total length= 7 to 9 mm. Telson with 14-16 articulated 
spines in fork. Pereiopods 1-3 with natatory exopodites; pereiopod 
4 biramous, rudimentary; pereiopod 5 uniramous, rudimentary. Small 
biramous pleopod buds on abdominal soraites 2-5, 
Zoea V - Total length= 9,3 to 10 mm. Pereiopod 4 with natatory exo-
podite. Pleopods about equal to posteroventral hooks in length. 
Remarks: According to Thompson (1903), pereiopods 1-4 show natatory exo-
podites at zoea IV. However, in the few planktonic specimens available 
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for study, I found that pereiopod 4 did not become natatory until 
zoea V. All measurements given above were taken from Thompson. 
Lepidopa websteri Benedict {?) (Fig. 16) 
Source of description: Sandifer (Part II) 
Number of larval stages: probably 4 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with aong, smooth rostral spine and 
pair of long posterolateral spines; rostral spine about twice length 
of carapace. Abdomen of 5 somites; 6th somite and telson fused. 
Small ventrolateral spines on abdominal somites 3 and 4; very large, 
dorsally-curved posterolateral spines on somite 5. Telson broadly 
curvi-triangular with armature as follows: 1st process a smooth 
lateral spine; 4th process a large posterolateral spine; 2nd and 
3rd processes small setae in angle between 1st and 4th processes; 
28-32 strong setae along curved posterior margin between 4th pro-
cesses. Maxillipeds 1 and 2 biramous, functional; exopodites with 
4 natatory setae; maxilliped 3 rudimentary. 
Zoea II - Eyes stalked. Carapace with sharp anterolateral spine on 
each side below eye. Ventrolateral spines on abdominal somite 3 
smaller than those on somite 4. Telson unchanged. Exopodites of 
maxillipeds land 2 with 10 natatory setae. Maxilliped 3 and pereio-
pods rudimentary lobes. 
Zoea III - Abdominal somite 6 free. Ventrolateral spines on somite 3 
small. Telson unchanged. Exopodites of maxillipeds 1 and 2 with 
13-14 natatory setae. Maxilliped 3 large, unsegmented, uniramous 
bud. Pereiopods 1-5 uniramous, partially segmented buds; pereiopod 
1 cheliform. Uropods present, 2-segmented; terminal segment setose. 
Zoea IV - Missing from collection series; unknown. 
R
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Fig. 16. Lepidopa websteri Benedict(?). A. Lateral view of zoea I; B. Abdomen and telson of zoea I. 
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Clibanarius vittatus (Bose) 
Source of description: Kircher (1967) 
Number of larval stages: 5 zoeal stages 
Diagnosis: 
73 
Zoea I - Total length= 2.2 mm. Eyes sessile. Carapace with postero-
lateral border rounded, without spines; rostrum nearly as long as 
antennae. Abdomen of 5 somites; 6th somite fused with telson; 
abdominal somites without spines. Telson with very deep medial 
cleft and 7+7 processes; 2nd process hair-like. Antennal flagellum 
fused to peduncle and bearing 3 terminal setae. Maxillipeds land 
2 biramous, functional; exopodites with 4 natatory ·setae. Maxil-
liped 3 not present. 
Zoea II - Total length= 2.6 mm. Eyes still sessile. Telson with 8+8 
processes. Antennal flagellum articulated to peduncle, with 4 ter-
minal setae. Exopodites of maxillipeds 1 and 2 with 6 natatory 
setae. Maxilliped 3 uniramous, with 5 natatory setae, 
Zoea III - Total length= 3.3 mm. Abdominal somite 6 still fused with 
telson. Telson with 8+1+8 processes: 1st process a short, unarticu-
lated spine; 2nd process a hair; 4th process a large unarticulated 
spine. Antennal flagellum stout, blunt, with 1 terminal seta. 
Exopodites of m.a.xillipeds 1-3 with 6 natatory setae. Uropods pre-
sent, biramous; basis not formed; exopodite setose; endopodite rudi-
mentary. 
Zoea IV - Total length= 5.4 mm. Abdominal somite 6 free. Telson with 
8+1+8 processes. Antennal flagellum 2-segmented, approximately as 
long as scale, with 1 terminal seta. Exopodites of maxillipeds 1-3 
with 6 natatory setae. Uropodal basis formed; exopodite and endo-
podite setose. Pleopod buds apparent on abdominal somites 2-5. 
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Zoea V - Total length= 4.8 mm. Eyes stalked. Antennal flagellum of 
2-4 segments, longer than scale. Exopodites of maxillipeds 1-3 
with 6,7 an~ 6 natatory setae, respectively. 
Remarks: In general appearance these larvae resemble Pagurus larvae (see 
following descriptions) except for the lack of small posterolateral 
spines on the carapace. No larvae of this species have been recorded 
from Chesapeake Bay, but the species is included here because adults 
have been reliably reported from within the Bay on a few occasions 
(W. A. Van Engel, personal conrrnunication), 
Emerita talpoida (Say} (Fig. 17) 
Source of description: Rees (1959) 
Number of larval stages: 6 (rarely 7) zoeal stages. 
Diagnosis: 
Zoea I - Total length= 1.57 mm. Eyes sessile. Carapace smooth, 
rounded, helmet-shaped; rostrum short and broad. Abdomen of 5 
somites; 6th somite fused with telson throughout development; somite 
4 slightly and somite 5 much broader posteriorly than anteriorly. 
Telson slightly broader than long; lateral margins terminating in 
stout tooth at each side of concave posterior margin; margin bearing 
numerous small spines and denticles. Telson unchanging throughout 
development, except for addition of uropods. Maxillipeds 1 and 2 
biramous, functional; exopodites with 4 natatory setae. 
Zoea II - Total length= 2.20 mm. Eyes stalked. Carapace with long, 
bluntly-pointed, ventrally-directed lateral spines. Rostral spine 
as long as carapace. Exopodites of maxillipeds land 2 with 6 
natatory setae. 
Zoea III - Total length= 3.45 mm. Rostral spine longer than carapace. 
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Fig. 17. Emerita talpoida (Say). A. Lateral view of zoea II; 
B. Abdomen and telson of zoea II. 
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Ex:opodites of maxillipeds 1 and 2 with 8 natatory setae. Uropods 
apparent on anteroventral telson surface as short basal segments 
and long flattened exopodites bearing 2 long terminal setae. 
Zoea IV - Total length= 4.18 mm. Exopodites of maxillipeds land 2 
with 10 natatory setae. Uropodal exopodite with 2 long and 2 short 
setae. Pleopods apparent as small swellings on abdominal somites 
2-5. 
Zoea V - Total length= 5,80 mm. Ex:opodites of maxillipeds 1 and 2 
with 11-12 natatory setae. Uropodal endopodite apparent·as small 
bud below exopodite. 
Zoea VI - Total length= 7.20 nnn. Exopodites of maxillipeds land 2 
with 13-14 natatory setae. Abdominal somites 2-5 with uniramous 
pleopod buds. Uropodal endopodite now 2/3 length of exopodite. 
Rudiments of maxilliped 3 and pereiopods 1-4 visible beneath cara-
pace. 
Remarks: Total lengths given above are the sums of mean measurements of 
carapace length, length of rostral spine, and length of abdomen 
and telson given by Rees (1959, Table II). 
Pagurus longicarpus Say (Fig. 18) 
Source of description: Roberts (1970) 
Number of larval stages: 4 zoeal stages 
Diagnosis: 
Zoea I - Total length= 1.74 mm .. (1.67 to l.80 mm). Eyes sessile. 
Carapace with small posterolateral spines and with strong rostrum. 
Abdomen of 5 somites; 6th somite fused with telson. Abdominal 
somites 2-5 with 2 pairs posterodorsal spines and l pair postero-
lateral spines; posterolateral spines on somite 5 long. Telson 
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Fig. 18. Pagurus longicarpus Say and Pagurus pollicaris Say. 
A. Lateral view off· longicarpus zoea I; B. Lateral 
view of abdominal somites 4-5 of P. lortgicarpus; 
c. Lateral view of abdominal somites 3-5 of!• pollicaris. 
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triangular with medial cleft and 7+7 processes; 1st process a lat-
eral spur, 2nd process fine hair, other processes long articulated 
setae. Anal spine present. Antennal flagellum about 1/2 length 
of scale, fused with peduncle, and with 2 long terminal setae. 
Ma.xillipeds land 2 biramous, functional; exopodites with 4 nata-
tory setae; maxilliped 3 uniramous rudiment. Pereiopods 1-5 minute 
rudiments. 
Zoea II - Total length= 2.40 mm (2.16 to 2.61 mm). Eyes stalked. 
Telson with 8+8 processes. Antennal flagellum articulated to pe-
duncle. Exopodites of maxillipeds 1-3 with 7, 7 and 6 natatory 
setae, respectively. Pereiopods 1-5 small uniramous buds. 
Zoea III - Total length= 2.90 mm (2.70 to 3.19 mm). Abdominal somite 
6 free, without spines. Telson process #4 largest,~1/2 maximum 
telson width, unarticulated. Antennal flagellum nearly as long as 
scale, with l terminal seta. Exopodites of maxillipeds 1-3 with 
8 natatory setae. Pereiopods 1-5 large rudiments. Uropods present, 
biramous; exopodite setose; endopodite very small, rudimentary. 
Zoea rl - Total length= 3,38 mm (3.06 to 3.60 mm). Antennal flagel-
lum longer than scale, without setae. Exopodites of maxillipeds 
1-3 with 8 natatory setae. Pereiopods 1-5 uniramous, segmented; 
pereiopod 1 cheliform. Biramous pleopod buds on abdominal somites 
2-5. Uropodal endopodite larger, with 2 setae. 
Pagur~.2_ pollicaris Say (Fig. 18) 
Source of description: Nyblade (1970) 
Number of larval stages: 4 zoeal stages 
Diagnosis: 
Zoea I - Total length= 2.8 mm. Eyes sessile. Carapace with strong 
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rostrum. slightly longer than antennae and with small posterolateral 
spines. Abdomen of 5 somites; 6th somite fused with telson. Abdomi-
nal somites 2-5 with 2 pairs posterodorsal and 1 pair posterolateral 
spines, the posterolateral spines of somite 5 only slightly longer 
than the others. Telson triangular with medial cleft and 7+7 pro-
cesses; 1st process a lateral spur, 2nd process a fine hair, others 
long articulated setae. Antennal flagellum about 1/2 length of 
scale with 2 long terminal setae; fused to peduncle throughout 
development. Maxillipeds land 2 biramous, functional; exopodites 
with 4 natatory setae. 
Zoea II - Total length= 3.2 mm. Eyes stalked. Telson with 8+8 pro-
cesses. Exopodites of maxillipeds 1-3 with 7, 7 and 6 natatory 
setae, respectively. 
Zoea III - Total length= 3.5 mm. Abdominal somite 6 free. Telson 
process #4 unarticulated but not much longer than articulated setae. 
Antennal flagellum nearly as long as scale. Exopodites of maxil~ 
lipeds 1-3 with 8 natatory setae. Uropods present, biramous; exo-
podite setose; endopodite small, rudimentary. 
Zoea IV - Total length= 3.8 mm. Antennal flagellum longer than scale. 
Exopodites of maxillipeds 1-3 with 8 natatory setae. Uropodal 
endopodite larger, with 2 setae. Abdominal somites 2-5 with large, 
biramous pleopod buds. 
Eucera.mus praelongus Stimpson (Fig. 19) 
Source of description: Roberts (1968); personal observation of plank-
tonic specimens 
Number of larval stages: 2 zoeal stages 
Diagnosis: 
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Fig. 19. Euceramus praelongus Stimpson and Polyonyx gibbesi Haig. A. Lateral view of!• praelongus 
zoea I; B. Telson of E. praelongus zoea I; C. Antenna of E. praelongus zoea I; D. Antenna 
of P. gibbesi zoea I; E. Antenna of E. praelongus zoea II; F. Antenna of!• gibbesi zoea II; 
G. Rostrum detail of!· praelongus; H. Rostrum detail of P. gibbesi. 
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Zoea I - Length of rostral spine= 4.25 mm (3.61 to 4.94 mm); carapace 
= l.02 mm (0.90 to l.26 mm); posterolateral spine= l.82 mm (1.62 
to 2.02 mm). Eyes sessile. Rostral spine several times length of 
carapace, with 2 ventral rows of long, anteriorly-directed spinules 
(plank.tonic specimens often with dorsal row of small spinules and 
occasionally a few scattered ones in addition to ventral rows). 
Carapace triangular, with 2 long posterolateral spines and with 3-5 
marginal teeth just anterior to posterolateral spines. Postero-
lateral spines with ventral row of posteriorly-directed spinules. 
Abdomen of 5 somites; 6th somite fused with telson; small postero-
lateral spines on somite 4, large spines on somite 5. Telson rhom-
boidal with 8+8 processes; 1st process a short, unarticulated spine; 
2nd process haiF-like. Antennal exopodite slightly longer than 
endopodite. Maxillipeds land 2 bira.mous, functional; exopodites 
with 4 natatory setae. Maxilliped 3 bilobed rudiment. Pereiopods 
1-5 minute rudiments. 
Zoea II - Length of rostral spine= 6.63 mm (5.70 to 7.22 mm); carapace 
= 1.80 mm; posterolateral spine= 1.92 mm (1.80 to 2.26 mm). Eyes 
stalked. Carapace rectangular with 5-6 posteromarginal spinules. 
Abdominal somites 2-5 with 1.miramous pleopod buds. Telson with 9+9 
processes. Antennal exopodite about 1/2 length of endopodite. 
Exopodites of maxillipeds 1-3 with 9 (terminal)+ 2 (subterminal), 
9+2 and 4+2 nctatory setae, respectively. Pereiopods 1-5 unsegmented 
buds. 
Polyonyx gibbesi Haig (Fig. 19) 
Source of description: Gore (1968) 
Number of larval stages: 2 zoeal stages 
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Diagnosis: 
Zoea I - Carapace length= 1.2 mm. Eyes sessile. Carapace triangular 
with long rostrum clothed in small spinules and with long postero-
lateral spines bearing ventral spinules. Abdomen of 5 somites; 6th 
somite fused with telson; somites 1-4 with small, somite 5 with 
large, posterolateral spines. Telson rhomboidal with 8+8 processes; 
1st process a short lateral spine; 2nd process hair-like. Antennal 
exopodite almost twice length of endopodite. Maxillipeds 1 and 2 
biramous, functional; exopodites with 4 natatory setae. Maxilliped 
3 bilobed rudiment; pereiopods 1-5 minute rudiments. 
Zoea II - Carapace length= 1.7 mm. Carapace triangular; margin imme-
diately anterior to posterolateral spines occasionally bearing few 
spinules. Telson with 9+9 processes. Antennal exopodite about 2/3 
length of endopodite. Exopodites of maxillipeds 1 and 2 with "about 
1211 natatory setae; exopodite of maxilliped 3 with 6. Pereiopods 
1-5 noticeable rudiments. Pleopod buds apparent on abdominal 
somites 2-5. 
Cancer irroratus Say (Fig. 20) 
Source of description: Connolly (1923); personal observations on reared 
specimens. 
Number of larval stages: 5 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral 
spines. Abdomen of 5 somites; 6th somite fused with telson. Abdomi-
nal somite 2 with lateral knobs; somites 2-5 with small postero-
lateral spines, very small on somite 2, overlapping next somite. 
Telson bifurcate with 3+3 inner spines; furcae with 1 lateral and 
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Fig. 20. Cancer irroratus Say. A. Lateral view of zoea I; 
B. Telson of zoea I. 
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1 dorsal spine. Antenna nearly equnl in length to rostral spine; 
protopodite tapering to point and bearing 2 distal rows of spinules; 
exopodite about 1/2 length of protopodite and with 1 long and 2 
short terminal setae. Exopodites of maxillipeds 1 and 2 with 4 
natatory setae. 
Zoea II - Eyes stalked. Antenna with small endopodite bud near base. 
Exopodites of maxillipeds 1 and 2 with 6 natatory setae. Rudiments 
of maxilliped 3 and pereiopods 1-5 visible beneath carapace. 
Zoea III - Abdominal somite 6 free. Telson with 4+4 inner spines. 
Antennal endopodite bud distinct. Exopodites of maxillipeds 1 and 
2 with 8 natatory setae. 
Zoea IV - Abdominal somites 2-5 with small ventral pleopod bud~.tiny 
knobs on somite 6. Antennal endopodite approximately equal in 
length to exopodite. Exopodites of maxillipeds 1 and 2 with 10 
natatory setae. Rudiments of maxilliped 3 and pereiopods 1-5 large, 
projecting well beyond carapace margin; pereiopod 1 with incipient 
chela. 
Zoea V - Abdominal somites 2-5 with large, club-shaped pleopod buds, 
smaller buds on somite 6. Telson with 5+5 inner spines, Antennal 
endopodite approximately equal in length to protopodite. Exopodites 
of maxillipeds 1 and 2 with 11 and 12 natatory setae, respectively. 
Maxilliped 3 and pereiopods 1-5 large, segmented; pereiopod 1 che-
liform. 
Remarks: From a study of planktonic larvae, Connolly (1923) described 
4 zoeal stages in the development of£· irroratus (= £, amoenus). 
However, I found 5 zoeal stages among laboratory-reared larvae. 
Connelly's collection series did not include the zoea IV described 
above, and his zoea IV corresponds to my zoea V. No attempt has been 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
85 
made to compare details of setation of appendages of the reared larvae 
with that given by Connolly for plank.tonic specimens since A. N. Sastry 
(personal communication) is preparing a manuscript describing in de-
tail the morphology of laboratory-reared larvae. 
Sesarma cinereum (Bose) 
Source of description: Costlow and Boekhout (1960) 
Number of larval stages: 4 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile, Carapace with dorsal and rostral spines, lack-
ing lateral spines; dorsal spine short; rostral spine and antenna 
of approximately equal length. Abdomen of 5 somites; 6th somite 
fused with telson. Abdominal somites 2 and 3 with lateral knobs; 
somites 3-5 with small posterolateral spines overlapping next somite. 
Telson bifurcate with 3+3 inner spines; furcae unarmed. Antennal 
protopodite tapering to point with 2 rows of spinules distally; 
exopodite about l/2 length of protopodite and with 2 unequal ter-
minal setae. Exopodites of ma.xillipeds land 2 with 4 natatory 
setae, 
Zoea II - Eyes stalked. Exopodites of ma.xillipeds 1 and 2 with 6 nata-
tory setae. 
Zoea III - Abdominal somite 6 free; somites 2-5 with small pleopod 
buds, minute buds on somite 6. Antennal endopodite equal in length 
to exopodite. Exopodites of maxillipeds 1 and 2 with 8 natatory 
setae. Rudiments of ma.xilliped 3 and pereiopods l-5 visible beneath 
carapace. 
Zoea IV - Dorsal spine reduced. Pleopod buds large, those on abdomi-
nal somites 2-5 with short setae. Telson with 4+4 inner spines. 
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Antennal endopodite equal in length to protopodite and partially 
segmented. Exopodites of maxillipeds 1 and 2 with 9 and 10 nata-
tory setae, respectively. Rudiments of maxilliped 3 and pereiopods 
1-5 projecting beyond carapace border. 
Remarks: Larvae of this species are very similar in general appearance 
to those of.§_. reticulatum. 
Sesarma reticulatum __ (Say) (Fig. 21) 
Source of description: Costlow and Boekhout (1962) 
Number of larval stages: 3 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile, Carapace with dorsal and rostral spines; lateral 
spines lacking; dorsal spine short; rostral spine and antenna of 
approximately equal length. Abdomev. of 5 somites; 6th somite and 
telson fused. Abdominal somites 2 and 3 with lateral knobs; somites 
3-5 with short posterolateral spines overlapping next somite. Tel-
son bifurcate with 3+3 inner spines; furcae without spines but 
fringed with minute spinules along inner margin. Antennal protopo-
dite tapering to point and with 2 rows of spinules distally and 
small endopodite bud at base; exopodite about 1/2 length of proto-
podite with 2 unequal terminal setae. Exopodites of maxillipeds 1 
and 2 with 4 natatory setae. 
Zoea II - Eyes stalked. Abdominal somite free; somites 2-6 with short 
posterolateral spines and small ventral pleopod buds. Antennal 
endopodite equal in length to exopodite. Exopodites of maxillipeds 
1 and 2 with 6 natatory setGe. 
Zoea III - Pleopod buds large. Antennal endopodite longer than exo-
podite and partially segmented. Exopodites of maxillipeds 1 and 2 
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Fig. 21. Sesarma reticulatum (Say). A. Lateral view of zoea I; 
B. Telson of zoea I; C. Antenna of zoea I. 
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with 8 natatory setae. Rudiments of maxilliped 3 and pereiopods 
1-5 projecting beyond carapace margin. 
Libinia spp. (Fig. 22) 
Source of description: Sandifer and Van Engel (1971); Part II 
Number of larval stages: 2 zoeal stages 
Diagnosis: 
Zoea I - Total length= 2.35 mm (2.02 to 2.54 mm). Eyes sessile. 
88 
Carapace with dorsal and rostral spines; lateral spines absent; 
rostral spine short, about 1/2 length of antenna. Abdomen of 5 
somites; 6th somite fused with telson. Abdominal somite 2 with 
lateral knob; somites 3-5 with small posterolateral spines overlap-
ping next somite. Telson bifurcate with 3+3 inner spines; each 
furca with 1 lateral spine. Antennal protopodite and exopodite 
approximately equal in length and pointed; protopodite with 2 dis-
tal rows of spinules; exopodite with 2 distal rows of spinules and 
2 subterminal spines; endopodite a small bud. Exopodites of ma.xil-
...... -_..., ..... 
lipeds land 2 with 4 nat~tory setae. Rudiments of maxilliped 3 
and pereiopods 1-5 visible beneath carapace. 
Zoea II - Total length= 2.78 mm (2.62 to 2.99 mm). Eyes stalked. 
Abdominal somite 6 free; somites 2-5 with large pleopod buds. An-
tennal endopodite about 1/2 length of protopodite and exopodite. 
Exopodites of ma.xillipeds 1 and 2 with 6 natatory setae. Rudiments 
of ma.xilliped 3 and pereiopods 1-5 projecting well beyond margin 
of carapace. 
Remarks: The above description is based on a description of the larvae 
of L dubia given by Sandifer and Van Engel (1971) and Part II. How-
L. emarginata larvae apparently are very similar to those of L. dubia, 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
Fig. 22. Libinia dubia H. Milne Edwards. A. Lateral view of zoea I; 
B. Telson of zoea I; C. Antenna of zoea I. 
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and the larvae of the two species at present cannot be distinguished 
(J. D. Costlow, Jr., personal communication). 
OcYPode quadrata (Fabricius) (Fig. 23) 
Source of description: personal observation of reared specimens 
Number of larval stages: 5 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile. Carapace large, heavy, with dorsal, rostral 
and lateral spines. Dorsal spine slightly shorter than rostral; 
lateral spines down-turned. Small dorsomedian knobs anterior to 
and posterior to dorsal spine. Abdomen of 5 somites; 6th somite 
and telson f'used. All abdominal somites with small, blunt postero-
lateral spines; somites 2 and 3 with lateral knobs; somite 4 with 
lateral ridge. Telson bifurcate with 3+3 stout inner spines; fur-
cae without dorsal or lateral spines. Antenna shorter than rostral 
spine; protopodite tapering to point with 2 distal rows of spinules; 
exopodite about 1/3 length of protopodite and with 2 unequal ter-
minal setae. Exopodites of maxillipeds 1 and 2 with 4 natatory 
setae. 
Zoea II - Eyes stalked. Telson with 4+4 stout inner spines. Exopo-
dites of maxillipeds 1 and 2 with 6 natatory setae. 
Zoea III - Abdominal somite 6 free; somites 4 and 5 with large, bluntly 
pointed posterolateral spines. Telson with 5+5 stout inner spines. 
Antennal endopodite evident as swelling of base of protopodite. 
Exopodites of maxillipeds 1 and 2 with 8 natatory setae. 
Zoea IV - Dorsal and rostral spines stout, shorter than in preceding 
stages. Telson with 6+6 inner spines. Antennal endopodite approxi-
mately equal in length to exopodite. Exopodites of maxillipeds 1 
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Fig. 23. Ocypode quadrata (Fabricius). A. Lateral view of zoea I; B. Posterior view of zoea I 
carapace; C. Abdomen and telson of. zoea I. 
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and 2 with 10 natatory setae. Small rudiments of ma.xilliped 3 and 
pereiopods 1-5 visible beneath carapace. Pleopod buds present as 
small knobs on abdominal somites 2-5, ventral swelling on somite 6. 
Zoea V - Rostra~ spine short; dorsal spine reduced to large dorsal 
tooth. Telson with 7+7 inner spines. Antennal endopodite approxi-
mately equal in length to protopodite. Exopodites of m.axillipeds 
1 and 2 with 12 natatory setae. Abdominal somites 2-5 with large, 
club-shaped pleopod buds; somite 6 with knob-like buds. 
Remarks: Although I reared this species successfully in the laboratory, 
only a brief description of the larvae is given in this work as these 
larvae are being described elsewhere (J. D. Costlow, Jr., personal 
communication). No measurements are given in the above description 
since only a few specimens of most stages were available for study and 
since the shape of the larva, especially in later stages, did not lend 
itself readily to length measurement. However, it should be noted 
that relative to the other brachyuran larvae of the Bay, these larvae 
are medium to large in the first three stages and very large there-
after. 
Uca spp. (Fig. 24) 
Source of description: Hyman (1920); personal observatioraon reared 
specimens (g_. minax) 
Number of larval stages: 5 zoeal stages 
Diagnosis: 
Zoea I - Total length= 1 mm. Eyes sessile. Carapace with dorsal and 
rostral spines but lacking lateral spines. Abdomen of 5 somites; 
6th somite and telson fused. Abdominal somites 2 and 3 with lateral 
knobs; somites 3-5 with small posterolateral spines overlapping 
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Fig. 24. Uca minax (Le Conte). A. Lateral view of zoea I; 
B. Telson of zoea I. 
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next somite. Telson bifurcate with 3+3 inner spines; furcae with-
out dorsal or lateral spines. Antenna slightly more than l/2 length 
of rostral spine; protopodite tapering to point with 2 rows of 
distal spinules; exopodite about l/3 length of protopodite with 2 
unequal terminal setae. Exopodites of maxillipeds 1 and 2 with 4 
natatory setae. 
Zoea II - Total length= 1.18 mm. Eyes stalked. Exopodites of maxil-
lipeds 1 and 2 with 6 natatory setae. 
Zoea III - Total length= 1.5 mm. Abdominal somite 6 free or only 
partially segmented off, Telson sometimes with 4+4 inner spines. 
Antenna with small endopodite bud near base. Exopodites of maxil-
lipeds land 2 with 8 natatory setae. Rudiments of ma.xilliped 3 
and pereiopods 1-4 visible beneath carapace, 
Zoea r.v - Total length= 2 nnn. Small pleopod buds present on abdomi-
nal semi tes 2-5, minute buds on semi te 6. Antennal endopodi te 
longer than exopodite. Exopodites of maxillipeds 1 and 2 with 9-10 
natatory setae. Rudiments of maxilliped 3 and pereiopods 1-5 large; 
pereiopod 1 with incipient chela. 
Zoea V - Total length= 2,5 mm. Pleopod buds on abdominal somites 2-5 
large, small on somite 6. Telson with 4+4 stout inner spines. 
Antennal endopodite longer than protopodite and may be 2-segmented. 
Exopodites of maxillipeds land 2 with 10 natatory setae. 
Remarks: Measurements given above were taken from Hyman (1920). No 
attempt is made to differentiate among the larvae of the three species 
of~ present in the Bay since previous attempts to do so have been 
unsuccessful (Hyman, 1920; Pinschmidt, 1963), 
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Dissodactylus mellitae Rathbun (Fig. 25) 
Source of description: Hyman (1924); personal observation of reared first 
zoeae 
Number of larval stages: unknown; only zoea I known. 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral spines; 
lateral spines long, ventrally curved and arising near posterolat-
eral carapace margin; dorsal and lateral spines shorter than ros-
tral. Abdomen of 5 somites; 6th somite and telson fused; somites 
2 and 3 with lateral knobs. Telson bifurcate with 3+3 inner spines; 
furcae without dorsal or lateral spines. Antenna not much longer 
than antennule; protopodite with 2 distal rows of spinules; no 
evidence of exopodite or exopodal seta in specimens examined. Exo-
podites of maxillipeds 1-and 2 with 4 natatory setae. 
Remarks: Hyman (1924) reported a dorsal protuberance on abdominal somite 
1, but no such protuberance was seen among laboratory-reared first 
zoeae examined by me. 
Pinnixa chaetopterana Stimpson (Fig. 26) 
Source of description: Hyman (1924); Hillman (1964); personal observa-
tions on planktonic specimens. 
Number of larval stages: 5 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral 
spines; lateral spines long, ventrally curved and arising near pos-
terolateral carapace margin. Abdomen of 5 somites; 6th somite fused 
with telson; somites 2 and 3 with lateral knobs; somite 5 produced 
posterolaterally into large, blunt, "wing-like" projections over-
lapping telson. Telson bifurcate with 3+3 inner spines and large, 
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Fig. 25. Dissodactylus mellitae Rathbun. A. Lateral view of zoea I; 
B. Abdomen and telson of zoea I; C. Antenna of zoea I. 
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Fig. 26. Pinnixa chaetopterana Stimpson. A. Lateral view of zoea I; 
B. Abdomen and telson of zoea I. 
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spear-shaped medial tooth; outer telson surface with small tooth 
at base of each furca; furcae without spines. Antenna not much 
larger than antennule; protopodite with 2 distal rows of spinules; 
exopodite represented by exopodal seta near base in planktonic 
specimens. Exopodites of maxillipeds 1 and 2 with 4 natatory setae. 
Zoea II - Eyes stalked. Exopodites of maxillipeds 1 and 2 with 6 
natatory setae. 
Zoea III - Pleopods occasionally present as minute buds on e~domen. 
Exopodites of maxillipeds 1 and 2 with 8 natatory setae. Rudiments 
of maxilliped 3 and pereiopods 1-5 visible beneath carapace. 
Zoea IV - Elongate pleopod buds present. Exopodites of maxillipeds 1 
and 2 with 10 natatory setae. Pereiopod 1 rudiment cheliform. 
Zoea V - Pleopod buds large, club-shaped, with basal segments apparent. 
Exopodites of maxillipeds 1 and 2 with 10 natatory setae. Rudi-
ments of maxilliped 3 and pereiopods 1-5 large, segmented, and pro-
jecting well beyond carapace margin. 
Remarks: These larvae are the smallest pinnixid larvae encountered in 
Virginia waters •. Hillman's (1964) description of these larvae is very 
brief and lacks figures, and neither Hyman (1924) or Hillman described 
the exopodal seta noted by me on the antennae of planktonic specimens. 
Pinnixa cylindrica (Say) (Fig. 27) 
Source of description: Personal observation of laboratory-reared zoea I 
specimens kindly given me by Dr. John J. McDermott. 
Number of larval stages: probably 5 zoeal stages, but only zoea I known 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with long dorsal spine, rostral spine 
of approximately equal length, and long, ventrally-curved lateral 
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Fig. 27. Pinnixa cylindrica (Say). A. Lateral view of zoea I; 
B. Abdominal somite 5 and telson of zoea I. 
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spines arising near posterolateral carapace margin. Abdomen of 5 
somites; 6th somite fused with telson; somites 2 and 3 with lateral 
knobs; somite 5 produced posteriorly into large "wing-like" pro-
jections overlapping telson. Telson bifurcate with 3+3 inner spines; 
furcae without spines but occasionally a minute tooth on outer tel-
son margin neal.' base of furca; distance between tips of furcae 2:. 
maximum telson width. Antenna not much longer than antennule; pro-
topodite with 2 distal rows of spinules; exopodite represented by 
exopodal seta near base. Exopodites of maxillipeds land 2 with 4 
natatory setae. 
Pinnixa sayana Stimpson (Fig. 28) 
Source of description: Hyman (1924); Hillman (1964); personal observa-
tions on planktonic specimens 
Number of larval stages: 5 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with long, straight dorsal spine, 
rostral spine of approximately equal length, and long, ventrally-
curved lateral spines arising near posterolateral carapace margin. 
Abdomen of 5 somites; 6th somite fused with telson; somites 2 and 3 
with lateral knobs; somite 5 produced posterolaterally into large, 
blunt, "wing-like" projections overlapping telson. Telson bifur-
cate with 3+3 inner spines; furcae without spines; distance between 
tips of furcae c:ma.ximum telson width; region of maximum width an-
terior to furcae, marked by lateral ridge which becomes toothed in 
later stages. Antenna not much longer than antennule; protopodite 
with 2 diste.l rows of spinules; exopodite represented by exopodal 
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Fig. 28. Pinnixa sayana· Stimpson. A. Lateral view of zoea I; 
B. Anterior view of zoea I carapace; C. Abdominal somite 
5 and telson of zoea I. 
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seta near base in planktonic specimens. Exopodites of maxillipeds 
land 2 with 4 natatory setae. 
Zoea II - Eyes stalked. Exopodites of maxillipeds 1 and 2 with 6 
natatory setae. 
Zoea III - Minute pleopod buds occasionally evident. Exopodites of 
maxillipeds 1 and 2 with 8-9 and 8 natatory setae, respectively. 
Rudiments of maxilliped 3 and pereiopods 1-5 visible beneath cara-
pace. 
Zoea IV - Pleopod buds large, obvious. Exopodites of maxillipeds 1 
and 2 with 10 natatory setae. Rudiments of maxilliped 3 and pereio-
pods 1-5 large, segmented. 
Zoea V - Pleopod buds club-shaped, with basal segments apparent. Exo-
podites of maxillipeds 1 and 2 with 10 natatory setae. Rudiments 
of maxilliped 3 and pereiopods 1-5 extending prominently from be-
neath carapace. 
Remarks: Hillman's (1964) description of these larvae is very brief and 
lacks figures. Neither Hyman (1924) or Hillman described the exopodal 
seta noted by me on the antennae of planktonic specimens. 
Pinnotheres maculatus Say (Fig. 29) 
Source of description: Costlow and Boekhout (1966a); personal observa-
tions on planktonic specimens. 
Number of larval stages: 5 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile, Carapace with dorsal, rostral and lateral spines; 
lateral spines arising near posterolateral carapace margin, long 
and ventrally curved; rostral and lateral spines about equal in 
length and shorter than dorsal. Abdomen of 5 somites; 6th somite 
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Fig. 29. Pinnotheres maculatus Say. A. Lateral view of zoea I; 
B. Abdomen and telson of zoea I; C. Antenna of zoea I; 
D. Antenna of zoea V • 
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fused with telson; somites 2 and 3 with lateral knobs. Telson bi-
furcate with 3+3 inner spines; furcae unarmed. Antennal protopo-
dite small, tapering to point with 2 rows of spinules distally, 
ab9ut 1/2 length of rostral spine; exopodite represented by small 
seta evident throughout development near base. Exopodites of max-
illipeds 1 and 2 with 4 natatory setae. 
Zoea II - Eyes stalked. Exopodites of maxillipeds 1 and 2 with 6 
' 
natatory setae. 
Zoea III - Antennal endopodite a small bud near base. Exopodites of 
maxillipeds 1 and 2 with 8 natatory setae. 
Zoea IV - Abdominal somite 6 free; somites 2-5 with small ventral pleo-
pod buds. Antennal endopodite approximately equal in length to 
protopodite. Exopodites of maxillipeds 1 and 2 with 9 and 10 nata-
tory setae, respectively. Rudiments of maxilliped 3 and pereiopods 
1-5 apparent beneath carapace. 
Zoea V - Large, biramous pleopod buds on abdominal somites 2-5; small 
buds on somite 6. Antennal endopodite longer than protopodite. 
Exopodites of maxillipeds lmd 2 with 9 and 10 natatory setae, 
respectively. Rudiments of maxilliped 3 and pereiopods 1-5 pro-
jecting beyond carapace margin. 
Remarks: The exopodal seta of the antenna described above was seen on 
all planktonic specimens examined, which included some specimens of 
each stage. However, this seta was not mentioned or figured by Costlow 
and Boekhout (1966a). 
Pinnotheres ostreum Say (Fig. 30) 
Source of description: Sandoz and Hopkins (1947); personal observations 
on reared specimens. 
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Fig. 30. Pinnotheres ostreum Say. A. Lateral view of zoea I; 
B. Abdomen and telson of zoea I. 
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Number of larval stages: 4 zoeal stages 
Diagnosis: 
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Zoea I - Eyes sessile. Carapace smooth, rounded, without dorsal or 
lateral spines. Abdomen of 5 somites; 6th somite fused with telson 
throughout development; somites 2 and 3 with lateral knobs. Telson 
rounded; furcae flattened, lobate, but retaining vestige of bifur-
cate appearance; large, spear-shaped medial tooth present and 3+3 
inner spines. Antenna not apparent. Exopodites of ma.xillipeds l 
and 2 with 4 natatory setae. 
Zoea II - Eyes stalked. Exopodites of ma.xillipeds 1 and 2 with 6 
natatory setae. Buds of ma.xilliped 3 and pereiopods 1-5 apparent. 
Zoea III - Abdominal somites 2-5 with small pleopod buds; ventro-
medial telson surface with smaller knobs. Exopodites of ma.xillipeds 
1 and 2 with 8 natatory setae. Rudiments of ma.xilliped 3 and 
pereiopods 1-5 large, projecting beneath carapace margin. 
Zoea IV - Abdominal somites 2-5 with large, club-shaped pleopod buds; 
smaller buds on 6th somite-telson. Exopodites of ma.xillipeds land 
2 with 10 natatory setae. Rudiments of ma.xilliped 3 and pereiopods 
1-5 large, well formed; pereiopod 1 cheliform. 
Arenaeus cribrarius (Lamarck) (Fig. 31) 
Source of description: Sandifer (Part II) 
Number of larval stages: unknown; only zoea I known 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral spines. 
Rostral spine depressed, slightly curved posteriorly near tip; dor-
sal spine long, strongly curved posteriorly; lateral spines short. 
LateraJ. spine to rostral spine length ratio of about 1:3. Abdomen 
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Fig. 31. Arenaeus cribrarius (Lamarck). A. Lateral view of zoea I; 
B. Telson of zoea I. 
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of 5 somites; 6th somite fused with telson; somites 2 and 3 with 
lateral knobs; somites 3-5 with short, bifid, posterolateral spines 
only slightly overlapping next somite. Telson bifurcate with 3+3 
inner spines; each furca bearing 1 large and 1 minute lateral spine 
and 1 dorsal spine. Antenna slightly shorter than rostral spine; 
protopodite with 2 distal rows of spinules; exopodite a small blunt 
spine considerably less than 1/3 length of protopodite and bearing 
2 unequal terminal setae. Ex:opodites of maxillipeds 1 and 2 with 
4 natatory setae. 
Callinectes sapidus Rathbun (Fig. 32) 
Source of description: Costlow and Boekhout (1959) 
Number of larval stages: 7 (rarely 8) zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral 
spines. Abdomen of 5 somites; 6th somite fused with telson. Abdomi-
nal somites 2 and 3 with lateral knobs, and somites 3-5 with sharp 
posterolateral spines overlapping next somite. Telson bifurcate 
with 3+3 inner spines; furcae bearing 1 large lateral and 1 small 
dorsal spine [according to Pinschmidt (personal connnunication) the 
telson also may bear 1 minute lateral spine]. Antenna! protopodite 
tapering to point and bearing 2 rows of distal spinules; protopo-
dite nearly as long as rostral spine; exopodite much less than l/3 
length of protopodite with 2 unequal terminal setae; endopodite 
lacking. Ex:opodites of maxillipeds 1 and 2 with 4 natatory setae. 
Zoea II - Eyes stalked. Telson with 4+4 inner spines (inner pair 
minute). Exopodites of maxillipeds 1 and 2 with 6 natatory setae. 
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Fig. 32. Callinectes sapidus Rathbun. A. Lateral view of zoea I; 
B. Telson of zoea I; C. Antenna of zoea I. 
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Zoea III - Abdominal somite 6 free. Exopodites of maxillipeds 1 and 2 
with 8 natatory setae. 
Zoea IV - Antennal endopodite apparent as small knob near base. Exo-
podites of maxillipeds 1 and 2 with 9 natatory setae. 
Zoea V - Antennal endopodite slightly longer than exopodite. Exopo-
dites of maxillipeds 1 and 2 with 9 and 11 natatory setae, respec-
tively. Rudiments of maxilliped 3 and pereiopods 1-5 visible be-
neath carapace. 
Zoea VI - Telson with 1 additional minute inner spine. Antennal endo-
podite much longer than exopodite. Exopodites of maxillipeds 1 
and 2 with 11 and 12 natatory setae, respectively. Abdominal so-
mites 2-6 with small pleopod buds. 
Zoea VII - Antenna! endopodite about 1/2 length of protopodite. Exo-
podites of maxillipeds 1 and 2 with 14 and 13 natatory setae, res-
pectively. Pleopod buds large. Rudiments of maxilliped 3 and 
pereiopods 1-5 projecting beyond margin of carapace. 
Ovalipes ocellatus (Herbst) (Fig. 33) 
Source of description: Costlow and Boekhout (1966b) 
Number of larval stages: 5 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral 
spines. Abdomen of 5 somites; 6th somite fused with telson. Abdomi-
nal somites 2-5 with lateral knobs or hooks, those of somite 5 lar-
gest; somites 3-5 with posterolateral spines overlapping next somite. 
Telson bifurcate with 3+3 inner spines; each furca with l large and 
1 minute lateral spine. Antenna with long protopodite tapering to 
point and bearing 2 rows of spinules distally; exopodite approxi-
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Fig. 33. Ovalipes ocellatus (Herbst). A. Lateral view of zoea I; 
B. Abdomen and telson of zoea I. 
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mately 1/2 length of protopodite with 2 unequal terminal setae; 
endopodite lacking. Exopodites of maxillipeds 1 and 2 with 4 nata-
tory setae. 
Zoea II - Eyes stalked. Exopodites of maxillipeds 1 and 2 with 7 
natatory setae. 
Zoea III - Abdominal somite 6 free; all somites bear minute pleopod 
buds; lateral knobs on somite 4 reduced. Telson with 4+4 inner 
spines. Rudiments of maxilliped 3 and pereiopods 1-5 visible be-
neath carapace. Antennal endopodite a small bud near base. Exopo-
dites of maxillipeds 1 and 2 with 8 and 10 natatory setae, respec-
tively. 
Zoea IV - Pleopod buds on abdominal somites larger; lateral knobs 
lacking on somite 4. Antennal endopodite bud approximately 1/2 
length of protopodite. Exopodites of maxillipeds 1 and 2 with 10 
and 12 natatory setae, respectively. Maxilliped 3 and pereiopods 
1-5 projecting beyond carapace margin. 
Zoea V - Telson with 5+5 inner spines. Pleopod buds large. Exopodites 
of maxillipeds 1 and 2 with 14 and 15 natatory setae, respectively. 
Rudiments of maxilliped 3 and pereiopods 1-5 large, projecting well 
beyond margin of carapace. 
Portunus gibbesii (Stimpson) 
Source of description: J. D. Costlow, Jr. (personal communication) 
Number of larval stages: 7 zoeal stages in development but only zoea I 
described below. 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral 
spines. Abdomen of 5 somites; 6th somite fused with telson; somites 
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2 and 3 with lateral knobs; somites 3-5 with posterolateral spines 
overlapping next somite. Telson bifurcate with 4+4 inner spines; 
each i'urca bearing 1 large lateral and 1 smaller dorsal spine. 
Antenna slightly shorter than rostral spine; protopodite with 2 
rows of distal spinules; exopodite 1/3 to 1/2 length of protopodite 
and bearing 2 unequal terminal setae. Exopodites of maxillipeds 1 
and 2 with 4 natatory setae. 
Remarks: f.• gibbesii zoeae are similar in general appearance to those 
of Callinectes sapidus. 
Portunue. spinimanus Latreille 
Source of description: Lebour (1950) 
Number of larval stages: presumably 7 zoeal stages in development but 
only zoea I described 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral 
spines; dorsal spine about twice length of rostral. Abdomen of 5 
somites; 6th somite and telson fused; somites 2 and 3 (?) with 
lateral knobs; posterolateral spines on somites 3-5 not evident in 
Lebour's figure nor mentioned in text but probably present. Tel-
son bii'urcate ,nth 3+3 inner spines; each furca bearing 1 large and 
1 minute lateral spine and 1 small dorsal spine. Antenna approxi-
mately equal in length to rostral spine; protopodite with 2 distal 
rows of spinules; exopodite about 1/3 length of protopodite with 
2 terminal setae. Exopodites of maxillipeds 1 and 2 with 4 nata-
tory setae. 
Eur:ypanopeus depressus (Smith) (Fig. 34) 
Source of description: Costlow and Boekhout (1961a) 
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Fig. 34. Eurypanopeus depressus (Smith). A. Lateral view of zoea I; 
B. Telson of zoea I; C. Antenna of zoea I. 
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Number of' larval stages: 4 zoeal stages 
Diagnosis: 
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Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral 
spines; dorsal and rostral spines long and approximately equal in 
length to antenna; distal tip of dorsal spine hooked. Abdomen of 
5 somites; 6th somite f'used with telson. Abdominal somites 2 and 
3 with lateral knobs; somites 3-5 with sharp posterolateral spines 
overlapping next somite. Telson bifurcate with 3+3 inner spines; 
each f'urca with 1 small dorsal spine. Antennal protopodite long, 
tapering to point and bearing small spines on distal half; exopodite 
minute. Ex.opodites of maxillipeds 1 and 2 with 4 natatory setae. 
Zoea II - Eyes stalked. Ex.opodites of maxillipeds land 2 with 6 and 
7 natatory setae, respectively. 
Zoea III - Abdominal somite 6 free; somites 2-6 with small ventral 
pleopod buds. Telson with 4+4 inner spines. Antennal endopodite 
a small bud near base; distal spination of protopodite reduced. 
Ex.opodites of maxillipeds land 2 with 8 and 9 natatory setae, 
respectively. Rudiments of maxilliped 3 and pereiopods 1-5 visible 
beneath carapace. 
Zoea IV - Pleopod buds on abdominal somites 2-5 large, small on somite 
6. Telson with l additional inner spine. Antennal endopodite 
longer, with 2 terminal setae; little distal spination of protopo-
dite evident. Ex.opodites of' maxillipeds land 2 with 9 and 11 
natatory setae, respectively. Rudiments of' maxilliped 3 and pereio-
pods l-5 projecting beyond margin ~f carapace. 
Hexapanopeus ~stifrons (Benedict and Rathbun) (Fig. 35) 
Source of' description: Costlow and Boekhout (1966c) 
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Fig. 35. Hexapanopeus angustifrons (Benedict and Rathbun). A, Lateral 
view of zoea I; B. Telson of zoea I; c. Antenna of zoea I. 
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Number of larval stages: 4 zoeal stages 
Diagnosis: 
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Zoea I - Eyes sessile, Carapace with dorsal, rostral and lateral 
spines; dorsal and rostral spines long. Abdomen of 5 somites; 6th 
somite fused with telson, Abdominal somites 2 and 3 with lateral 
knobs; somites 3-5 with small posterolateral spines. Telson bifur-
cate with 3+3 inner spines; furcae without lateral or dorsal spines. 
Antenna a long, smooth protopodite approximately equal in length 
to rostral spine, with minute exopodite near base, Exopodites of 
ma.xillipeds 1 and 2 with 4 natatory setae. 
Zoea II - Eyes stalked. Exopodites of maxillipeds 1 and 2 with 6 and 
7 natatory setae, respectively, 
Zoea III - Abdominal somite 6 free; small pleopod buds on somites 2-6. 
Telson with 4+4 inner spines. Antennal endopodite a small bud near 
base, Exopodi tes of maxillipeds 1 and 2 with 8 and 9 natatory 
setae, respectively, Rudiments of maxilliped 3 and pereiopods 1-5 
visible beneath carapace. 
Zoea I.V - Pleopod buds on abdominal somites 2-5 large, small on somite 
6. Antennal endopodite large. Exopodites of maxillipeds 1 and 2 
with 9 and 10 natatory setae, respectively, Rudiments of maxilli-
ped 3 and pereiopods 1-5 projecting beyond carapace margin, 
Neopanope texana sayi (Smith) (Fig, 36) 
Source of description: Chamberlain (1961); McMahan (1967) 
Number of larval stages: 4 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile, Carapace with dorsal, rostral and lateral 
spines; dorsal and rostral spines very long. Abdomen of 5 somites; 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
Fig. 36. Neopanope texana sayi (Smith). A. Lateral view of zoea I; 
B. Telson 0f zoea I; C. Antenna of zoea I. 
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6th somite fused with telson. Abdominal somites 2 and 3 with 
lateral knobs; somites 2-5 with small posterolateral spines over-
lapping next somite. Telson bifurcate with 3+3 inner spines; each 
furca with 1 small dorsal spine. Antenna a long, smooth protopo-
dite, approximately equal in length to rostral spine; exopodite 
minute; endopodite lacking. Exopodites of maxillipeds 1 and 2 with 
4 natatory setae. 
Zoea II - Eyes stalked. Telson with 4+4 inner spines. Exopodites of 
maxillipeds 1 and 2 with 6 and 6-7 natatory setae, respectively. 
Zoea III - Abdominal somite 6 free. Small pleopod buds present on 
abdominal somites 2-6. Antennal endopodite a small bud near base. 
Exopodites of maxillipeds 1 and 2 with 7-8 and 8-9 natatory setae, 
respectively. 
Zoea IV - Pleopod buds large. Antennal endopodite 1/3 or more length 
of protopodite. Exopodites of maxillipeds 1 and 2 with 9-10 nata-
tory setae. Rudiments of maxilliped 3 and pereiopods 1-5 large, 
projecting beyond carapace margin. 
Panopeus herbstii H. Milne Edwards (Fig. 37) 
Source of description: Costlow and Boekhout (1961b) 
Number of larval stages: 4 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral 
spines; dorsal and rostral spines long, rostral spine slightly longer 
than anteuna. Abdomen of 5 somites; 6th somite fused with telson. 
Abdominal somites 2 and 3 with lateral knobs; somites 3-5 with long 
posterolateral spines overlapping next somite. Telson bifurcate 
with 3+3 inner spines; each f'urca with l large and 1 minute lateral 
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Fig. 37. Panopeus herbstii H. Milne Edwards. A. Lateral view of zoea I; 
B. Telson .of zoea I; C. Antenna of zoea I. 
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spine and 1 small dorsal spine. Antennal protopodite long, tapering 
to point, with short spines on distal half; exopodite minute. Exo-
podites of maxillipeds 1 and 2 with 4 natatory setae. 
Zoea II - Eyes stalked. Antennal endopodite a small bud near base. 
Exopodites of maxillipeds 1 and 2 with 6 and 7 natatory setae, res-
pectively. 
Zoea III - Abdominal somite 6 free; somites 2-6 with small pleopod buds. 
Telson with 4+4 inner spines. Antennal endopodite larger than exo-
podite; distal spination of protopodite reduced. Exopodites of 
maxillipeds 1 and 2 with 8 and 9 natatory setae, respectively. 
Rudiments of maxilliped 3 and pereiopods 1-5 visible beneath cara-
pace. 
Zoea IV - Pleopod buds large. Telson with 1 additional inner spine. 
Antennal endopodite approximately 1/2 length of protopodite; distal 
spination of protopodite restricted to tip (or absent in some plank-
tonic specimens). Exopodites of maxillipeds 1 and 2 with 10 and 11 
natatory setae, respectively. Rudiments of maxilliped 3 and pereio-
pods 1-5 projecting beneath carapace. 
Rhithropanopeus harrisii (Gould) (Fig. 38) 
Source of description: Connolly (1925); Chamberlain (1962); Hood (1962) 
Number of larval stages: 4 zoeal stages 
Diagnosis: 
Zoea I - Eyes sessile. Carapace with dorsal, rostral and lateral 
spines; rostral spine nearly as long as carapace+ abdomen; dorsal 
spine about 1/3 to 1/2 length of rostral spine. Abdomen of 5 
somites; 6th somite and telson fused; somite 2 with lateral knob; 
somite 5 with long posterolateral spines extending at least to 
R
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Fig. 38. Rhithropanopeus harrisii (Gould). A. Lateral view of zoea I; B. Abdominal somite 5 and 
telson of zoea I. 
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junction of tel son furcae. Tel son bifurcate with 3+3 inner spines; 
furcae long and slender, each with 1 dorsal spine. Antennal proto-
podite equal in length to rostral spine, smooth; exopodite a minute 
knob near base. Exopodites of maxillipeds 1 and 2 with 4 natatory 
setae. 
Zoea II - Eyes stalked. Telson with 4+4 inner spines (Chamberlain, 
1962). Exopodites of maxillipeds 1 and 2 with 6 and 7 natatory 
setae, respectively. Rudiments of maxilliped 3 and pereiopods 1-5 
visible beneath carapace. 
Zoea III - Abdominal somite 6 free; small pleopod b~ds apparent on 
somites 2-5. Telson with 4+4 inner spines (Connolly, 1925; Hood, 
1962). Antennal endopodite bud apparent near base. Exopodites of 
maxillipeds 1 and 2 with 8 and 9 natatory setae, respectively. 
Maxilliped 3 rudiment with setose exopodite; pereiopod 1 rudiment 
with incipient chela. 
Zoea IV - Pleopod buds on abdominal somites 2-; large, biramous; small 
buds on somite 6. Antennal endopodite larger. Exopodites of maxil-
lipeds 1 and 2 with 9 ne.tatory setae (Hood, 1962), or with 10 and 
11 (Connolly, 1925) or 9 and 11 (Chamberlain, 1962) setae, respec-
tively. Rudiments of maxilliped 3 and pereiopods 1-5 projecting 
well beyond carapace margin. 
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II. DETAILED DESCRIPTIONS OF THE LARVAL DEVELOPMENT OF SELECTED DECAPODS 
In order to prepare the keys and other identification guides given 
in the previous section, it was necessary to have at hand detailed des-
criptions of larval morphology for as many of the Chesapeake Bay species 
as possible. Where such descriptions were lacking in the published 
literature, I attempted to obtain information from other sources, namely 
other investigators, laboratory-rearing of larvae, and descriptions of 
planktonic larvae. By means of these latter two approaches, I have 
been able to compile descriptions of some or all of the larval stages 
of eight decapod species of which the larvae were previously unknown. 
These species are dealt with individually below. 
Laboratory-Reared Larvae 
Ogyrides limicola Williams 
The small shrimp Ogyrides limicola ranges from Virginia to Louisiana 
along the Atlantic and Gulf coasts of the United States (Williams, 1965). 
The species inhabits muddy bottoms in estuaries, coastal embayments, and 
marsh streams within an observed salinity range of 9 to 32.5 o/oo (Williams, 
1955, 1965; Wass, 1965). Wass (1965) reported Q_. limicola from the 
Atlantic side of Accomack County, Virginia, and found it in numbers up 
to 150/m2 in deeper parts of the lower York River, but he considered the 
species to be generally rare in the Chesapeake region. More recsntly, 
Boesch (1971) has found O. limicola to be connnon in muddy bottoms through-
out much of the York River estuary and in parts of the adjacent Chesapeake 
Bay. 
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The objectives of the present study were to rear larvae of o. 
limicola in the laboratory and to describe the larval stages obtained. 
Materials and Methods 
Four ovigerous .Q_. limicola were collected from the lower York 
River, Virginia, with a small Petersen grab on 9 July 1970. The 
shrimp were taken in fine, black mud at a water depth of about 6-7 m. 
In the laboratory the specimens were maintained individually in glass 
b~wls of filtered York River water (19.6 0/00) until the larvae hatched. 
After they hatched, actively swimming larvae were placed in mass 
cultures in glass bowls, and 54 larvae obtained from one female were 
placed singly in compartments of plastic boxes to facilitate observa-
tions of individual molting histories. Larvae were transferred to 
clean containeres and fed newly hatched Artemia nauplii (California 
Brine Shrimp, Inc., Menlo Park, California) once daily. Molts and 
deaths among the isolated larvae were recorded at this time. Salinity 
of the culture water varied from 19.6 to 20.4 o/oo during the study, 
and temperature renged from 23.9 to 28.9 C. 
Living larvae were placed in a drop of seawater on a glass slide 
and immobilized with a small square of plastic food wrap (Dean and 
Hatfield, 1963) for observation and measurement. Preserved larvae 
were straightened and measured in the same manner. Total lengths of 
immobilized larvae were measured with an ocular micrometer from the 
tip of the rostrum across the dorsal body surface to the tip of the 
telson spines. Some larvae of each stage were preserved in 5% 
formalin for dissection and study, and figures were drawn to scale 
with the aid of a camera lucida. A detailed description of the first 
zoeal stage was prepared, but for later stages text descriptions were 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
restricted primarily to those characteristics which showed change. 
The following abbreviations are used throughout this and subse-
quent descriptions: AN 1 = antennule, AN 2 = antenna, MAN= mandible, 
MAX 1 = maxillule, MAX 2 = maxilla, MXP 1 = first maxilliped, MXP 2 = 
second maxilliped, MXP 3 = third maxilliped, P 1 to 5 = pereiopods 
1 to 5, PL 1 to 5 = pleopods i to 5, U = uropods. 
Results 
Larvae were obtained from all four ovigerous females within 6 
to 11 days after collection. Survival of larvae in the mass cultures 
and in the isolated series was influenced by removal of specimens for 
dissection and study, but some animals reached the postlarval stage 
under both conditions. Three of the isolated larvae metamorphosed 
to the postlarval stage after, respectively, eight molts and 22 days, 
nine molts and 21 days, 11 molts and 27 days. The number of molts 
of larvae in the mass cultures was not checked, but development of 
these animals to the postlarval stage required 19 to 27 days. Larvae 
regularly molted about every two days during the first half of larval 
development, but molting frequency was less regular, every two to 
five days, during the latter half. Observations on living and pre-
served specimens from both the isolated series and the mass cultures 
indicated that eight, rarely nine, zoeal forms and a postlarval stage 
could be defined. The major external characteristics of these forms 
are described below. 
Zoea I 
Carapace (Fig. 39 A,B) elongate and compressed, slightly wider 
than abdomen but about same width as telson, without dorsal spines or 
protuberances. Carapace margin with sharp spine behind acute 
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pterygostomian region; remainder of margin entire. Rostrum small, 
not extending beyond eyes. Eyes sessile. Abdomen (Fig. 39 B) of 
6 somites, 6th fused with telson. Pleuron of 1st somite slightly 
overlapped by that of 2nd. Telson triangular, with slight indentation 
in posterior margin at midline; posterior margin bearing 7 pairs 
of plumose spines, with inner and outer pairs of spines about same 
size and smaller than others; a row of fine setules along posterior 
margin at base of spines. Anus opening ventrally near apex of telson, 
with 1 short, blunt spine anterior to anus. 
AN 1 (Fig. 39 C) - A single basal segment bearing terminally 
a long plumose seta on inner margin and a stout outer flagellum. 
Flagellum with 1 stout and 3 slender terminal aesthetascs and 1 short 
subterminal plumose seta. 
AN 2 (Fig. 39 D) - Biramous; basis unsegmented, with a short 
spine medioventral to flagellum. Flagellum shorter than scale; dis-
tal two-fifths constricted and narrowing to a point, with 2 rows of 
spinules; a long plumose seta arising at point of constriction. Scale 
flattened, with 2 minute distal segments; margin of scale with 7 long 
and 2 short plumose setreand 1-2 small hairs. 
MAN (Fig. 39 E, E1) - Asymmetrical, without palp; incisor and 
molar processes well developed. Left MAN with 1 stout, serrate, 
movable spine and a slightly raised area bearing numerous sharp 
spinules in angle between acute incisor process and wide molar process. 
Right MAN with 1 strong, trifurcated tooth in angle. 
MAX 1 (Fig. 39 F) - Uniramous; coxal endite with 7 setae; basal 
endite with 5 stout setae; endopodite with 2 terminal and 2 subtermi-
nal setae. 
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Fig. 39. Zoea I of Ogyrides limicola. A. Lateral view, B. Dorsal 
view, C. Antennule, D. Antenna, E. Mandible, E1 • Detail 
of mandible, F. Maxillule, G. Maxilla, H. Maxilliped 1, 
I. Maxilliped 2, J. Maxilliped 3. 
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MAX 2 {Fig. 39 G) - Biramous; co:,,..:;11 endite bilobed, with 7-9 
setae on proximal lobe and 4 on smaller distal lobe; basal endite also 
bilobed, with 4-5 setae on both lobes; endopodite 5-lobed, with proxi-
mal to distal setation of 3,2,1,1,2; scaphognathite with 3 long and 1 
short plumose marginal setae and plumose apical tip. 
MXP 1 (Fig. 39 H) - Biramous; coxopodite and basipodite fused, 
with 3 setae on medial margin of coxopodite region and about 12 medi-
ally-directed setae on basipodite region; endopodite 4-segmented, with 
proximal to distal setation of 3,1,2,4; exopodite with 4 terminal and 
1 subterminal plumose natatory setae. 
MXP 2 (Fig. 39 I) - Biramous; basipodite with 2-3 setae and 3-4 
hairs on medial border; endopodite 4-segmented, with proximal to distal 
setation of 3,1,2,5; proximal endopodite segment with fringe of long 
setules on outer border; exopodite with 4 terminal and 1+1 subterminal 
plumose natatory setae. 
MXP 3 (Fig. 39 J) - Biramous; basipodite with 2-3 setae on medial 
margin; endopodite 3-segmented, with proximal to distal setation of 
3,2,4; exopodite with 4 terminal and 2+2 subterminal plumose natatory 
setae. 
P 1 to 5 - P 1 rudimentary; other appendages lacking. 
Color - General color light olive-brown, clear; chromatorphores 
in mid-dorsal carapace and abdominal somite 4. 
Zoea II 
Carapace (Fig, 40 B) similar to that of previous stage. Eyes 
stalked. Abdomen as in previous stage. Telson (Fig. 40 B) with 1 
additional pair of small inner spines; anlagen of U faintly visible 
within telson. 
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Fig. 40. Zoea II of Ogyrides limicola. A. Lateral view, B. Dorsal 
view, C. Antennule, D. Antenna, E. Mandible, E1 • Detail 
of mandible, F. Maxillule, G. Maxilla, H. Maxilliped 1, 
I. Maxilliped 2, J. Maxilliped 3, K. Rudiment of pereio-
pod 1. 
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AN 1 (Fig. 40 C) - Basis 2-segmented; proximal segment with rudi-
mentary medial tooth; distal segment with 1 long plumose seta at inner 
angle, 2 smaller terminal plumose setae, and outer flagellum. Flagel-
lum with 1 stout and 4, rarely 5, slender terminal aesthetascs. 
AN 2 (Fig. 40 D) - Scale with 1 terminal segment (distal segment 
of previous stage no longer evident); 2 short and 9 long plumose setae 
on margin. 
MAN (Fig. 40 E, E1) - Left MAN with 2 teeth and~ raised areas 
with spinules in angle between incisor and molar processes. Right 
MAN with 2 stout teeth, 1 trifurcated and 1 triangular, in angle. 
MAX 1 (Fig. 40 F) - Basal endite with 7 setae. 
MAX 2 (Fig. 40 G) - Occasionally 1 additional seta on each lobe 
of basal endite. 
MXP 1 (Fig. 40 H) - Coxopodite-basipodite with about 18 medially-
directed setae. 
MXP 2 (Fig. 40 I) - Endopodite 5-segmented; proximal segment with 
1 long plumose seta on outer border; other setation (proximal to dis-
tal): 3,1,0,2,5. 
MXP 3 {Fig. 40 J) - Endopodite 4-segmented, with proximal to distal 
setation of 3,0,2,4. 
P 1 to 5 - P 1 (Fig. 40 K) a large, naked, biramous rudiment; P 2 
a small knob; other pereiopods lacking. 
Color - As in previous stage, but with additional chromatophores 
in antero-dorsal portion of eyestalk and in distal basal segment of AN 
1. This pattern seen throughout zoeal development 
Zoea III 
Carapace usually with 1 pair of small supraorbital teeth and abdomen 
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with 6th somite free (Fig. 41 A). Telson narrower than in previous 
stage, but preserving triangular shape and with 9 pairs of terminal 
spines. 
AN 1 (Fig. 41 B) - Proximal basal segment with rudimentary medial 
tooth, 1 plumose seta on inner lateral margin, 1 long plumose seta at 
inner angle, and 2 to several plumose setae on distal margin; distal 
basal segment bearing outer flagellum with 2 stout and 2 slender ter-
minal aesthetascs, inner flagellum with 1 long terminal plumose seta, 
2 subterminal plumose setae, and 5-6 slender setae on knob dorsomedial 
to flagella. 
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AN 2 (Fig. 41 C) - Scale without terminal segments; 11 long plumose 
setae on margin and 2 tiny outer setae at tip. Flagellum unsegmented; 
subterminal seta lacking. 
MAN (Fig. 41 D) - Both with 3 teeth in angle between incisor and 
molar processes. 
MAX 1 {Fig. 41 E) - Unchanged. 
MAX 2 {Fig. 41 F) - Scaphognathite with 5 plumose marginal setae 
and plumose apical tip. 
MXP 1 {Fig. 41 G) - Epipodite apparent as small lobe on coxopodite. 
MXP 2 {Fig. 41 H) - Distal endopodite segment with 1 additional 
seta (proximal to distal endopodite setation now: 3 + long plumose seta, 
1,0,2,6). 
MXP 3 {Fig. 41 I) - Distal endopodite segment with 1 additional 
seta {proximal to distal endopodite setation now: 3,0,2,5). 
P 1 to 5 - P 1 {Fig. 41 J) biramous; basipodite with 0-1 medial 
seta; endopodite with 4 segments (sometimes incompletely segmented), 
2 setae on penultimate segment and 3 on distal; exopodite with 4 long 
terminal and 2+2 subterminal plumose na~atory setae. P 2 (Fig. 41 K) 
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Fig. 41. Zoea III of Ogyrides limicola. A. Dorsal view, B. Anten-
nule, C. Antenna, D. Mandible, E. Maxillule, F. Maxilla, 
G. Maxilliped 1, H. Maxilliped 2, I. Maxilliped 3, 
J. Pereiopod 1, K. Rudiments of pereiopods 2-4. 
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a naked biramous rudiment; P 3 and P 4 present as small knobs; P 5 
lacking. 
U (Fig. 41 A) - Exopods well formed, with 6 plumose marginal 
setae; endopods naked rudiments. 
Zoea IV 
134 
Carapace and abdomen (Fig. 42 A) unchanged. Telson narrow, with 
sides nearly parallel; posterior margin nearly straight, 3 pairs of 
small subterminal (lateral) spines near posterior end of telson and 5 
pairs of spines on posterior margin; these latter spines, respectively, 
longest, short, long, short, shortest. 
AN 1 (Fig. 42 B) - Basis 2-segmented; proximal segment bearing 
medial tooth with small plumose seta at base, ventral tooth near mid-
point of segment, a row of plumose setae around distal one-third, 1 
long plumose seta on inner terminal margin, and a row of plumose setae 
around remainder of terminal margin; distal segment bearing 1 small and 
4 long plumose setae subterminally, outer flagellum with 2 stout and 2 
slender aesthetascs, inner flagellum with 1 long terminal plumose seta, 
and knob bearing about 6 slender setae. 
AN 2 (Fig. 42 C) - Basis 2-segmented. Scale with acute outer spine 
at tip, 1 small seta, and 12-13 plumose marginal setae. Flagellum 
essentially as in previous stage, but distal portion narrower. 
MAN (Fig. 42 D) - Left MAN with 4 teeth in angle between incisor 
and molar processes. 
MAX 1 (Fig. 42 E) - Basal endite with 7-9 setae. 
MAX 2 (Fig. 42 F) - Scaphognathite with 6-7 plumose marginal 
setae and plumose apical tip. 
MXP 1 (Fig. 42 G) - Epipodite larger. 
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Fig. 42. Zoea IV pf Ogyrides limicola. A. Dorsal view, B. Anten-
nule, C. Amtenna, D. Mandible, E. Maxillule, F. Maxilla, 
G. Maxilliped 1, H. Maxilliped 2, I. Maxilliped 3, 
J. Pereiopod 1, K. Pereiopod 2, ·L. 'Rudiments of pereio-
pods 3-5. 
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MXP 2 (Fig. 42 H) - Antepenultimate endopodite segment with 1 
seta (proximal to distal endopodite setation now 3 + long plumose 
seta, 1,1,2,6). 
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MXP 3 (Fig. 42 I) - Endopodite 4-segmented, with proximal to dis-
tal setation of 3,l(rarely 2),4,5. Exopodite with 4 terminal and 2-3+ 
2-3 subterminal plumose natatory setae. 
P 1 to 5 - P 1 (Fig. 42 J) biramous; basipodite with 1-3 (usually 
3) medial setae; endopodite 4-segmented, with proximal to distal seta-
tion of 3,1,2,4; exopodite with 4 terminal and 2+2-3 subterminal plumose 
setae. P 2 (Fig. 42 K) biramous; basipodite with 0-2(usually 1) setae 
on medial margin; endopodite incompletely segmented, but 2 distal por-
tions with 1-2 and 2-3 setae, respectively; exopodite with 4 terminal 
and 2+2 subterminal plumose natatory setae. P 3 (Fig. 42 L) a large, 
naked, biramous rudiment; P 4 a small biramous rudiment; P 5 a small uni-
ramous rudiment. 
U (Fig. 42 A)-Basis well formed; exopod with 10-11 (rarely 13) 
plumose marginal setae, small outer spine at tip, and several setae 
on dorsal and ventral surfaces; endopod with 7 (rarely 11) plumose 
marginal setae and few setae on dorsal and ventral surfaces. 
Zoea V 
Carapace and abdomen as in previous stage (Fig. 43 A). Telson 
(Fig. 43 B) narrower than in previous stage, but with same spine for-
mwla. 
AN 1 (Fig. 43 C) - Distal basal segment with 5 large plumose 
setae subterminally. Inner flagellum with long plumose seta and 1 
small seta terminally. 
AN 2 (Fig. 43 D) - Scale with 12-13 plumose marginal setae, 1 
small hair, and outer spine at tip. Flagellum blunt with 1 long spine 
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Fig. 43. Zoea V of Ogyrides limicola. A. Lateral view, B. Telson, 
C. Antennula, D. Antenna, E. Maxillule, F. Maxilla, 
G. Maxilliped 1, H. Maxilliped 2, I. Maxilliped 3, 
J. Pereiopod 1, K. Pereiopod 2, L. Pereiopod 3. 
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and 1 short seta terminally. 
MAN - Little changed; both with 4 teeth in angle between incisor 
and molar processes. 
MAX 1 (Fig. 43 E) - Unchanged. 
MAX 2 (Fig. 43 F) - Scaphognathite with 7-8 plumose marginal 
setae and plumose apical tip; basal endite with 7 setae on each lobe. 
MXP 1 (Fig. 43 G) - Unchanged. 
MXP 2 (Fig. 43 H) - Exopodite with 4 terminal and 1-2+1-2 sub-
terminal plumose natatory setae. 
MXP 3 (Fig. 43 I) - Endopodite 4-segmented, with proximal to 
distal setation of 3,1-2,3-4,5; exopodite with 4 terminal and 2-3+ 
2-3 (usually 3+3) subterminal plumose natatory setae. 
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P 1 to 5 - P 1 (Fig. 43 J) essentially as in previous stage; 
endopodite with proximal to distal setation of 4,1-2(usually 2),1-3 
(usually 3),3-4(usually 4). P 2 (Fig. 43 K) biramous; basipodite with 
1-3 medial setae; 4-segmented endopodite with proximal to distal seta-
tion of 2-3,0-1,2,3-4; exopodite with 4 terminal and 2-3+2-3 subterminal 
plumose natatory setae. P 3 (Fig. 43 L) biramous; basipodite with 0-1 
medial seta; endopodite unsegmented with 3 subterminal and 2 terminal 
setae; exopodite with 4 terminal and 2+2 subterminal plumose natatory 
setae. P 4 a large, .naked, biramous rudiment; P 5 a large, naked, 
uniramous rudiment. 
U - Exopod with 14-15 plumose marginal setae and 1 small seta on 
outer margin near base; endopod with 7-8 setae. 
Zoea VI 
Carapace and abdomen essentially unchanged. Telson (Fig. 44 A) 
as in previous stage, but rarely lacking innermost pair of terminal 
spines. 
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AN 1 (Fig. 44 B) - Outer flagellum with 2 stout and 3 slender 
(occasionally 3 stout and 2 slender) aesthetascs; inner flagellum with 
long plumose seta and 1-2 small setae terminally. 
AN 2 (Fig. 44 C) - Flagellum about 1/2 to 3/4 length of scale 
with long spine and 1-2 small setae terminally. Scale with 13-14 
plumose marginal setae. 
MAN - Essentially as in previous stage, but left MAN often with 
5 teeth in angle between incisor and molar processes. 
MAX 1 (Fig. 44 D) - Coxal endite with 8 setae; basal endite with 
9. 
MAX 2 (Fig. 44 E) - Scaphognathite with 7-9 (usually 8) plumose 
marginal setae and plumose apical tip. 
MXP 1 (Fig. 44 F) - Proximal endopodite segment sometimes with 
long plumose seta near outer margin. Exopodite with 4 terminal and 
1-2(usually 1) subterminal plumose natatory setae. 
MXP 2 (Fig. 44 G) - Penultimate endopodite segment with 1 addi-
tional seta (proximal to distal endopodite setation now 3 + long plumose 
seta, 1,1,3,6); exopodite with 4 terminal and 2+1-2(usually 2+1) sub-
terminal plumose natatory setae. 
MXP 3 (Fig. 44 H) - Essentially unchanged; exopodite with 3+3 
subterminal plumose natatory setae. 
P 1 to 5 - P 1 (Fig. 44 I) endopodite with proximal to distal 
setation of 3-4(usually 4), 2,4,4; exopodite with 3+3 sub~erminal 
plumose natatory setae. P 3 (Fig. 44 K) endopodite 4-segmented, with 
proximal to distal setation of 3,1-2,3-4,4; exopodite with 2-3+2-3 
subterminal plumose natatory setae. P 4 (Fig. 44 L) biramous; basipodite 
with 0-1 medial seta; endopodite usually incompletely segmented, with 
0-3 subterminal and 0-2 terminal setae; exopodite with 4 terminal and 
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Fig. 44. Zoea VI of Ogyrides limicola. A. Telson, B. Antennule, 
C. Antenna, D. Maxillule, E. Maxilla, F. Maxilliped 1, 
G. Maxilliped 2, H. Maxilliped 3, I. Pereiopod 1, 
J. Pereiopod 2, K. Pereiopod 3, L. Pereiopod 4, 
M. Pereiopod 5. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
~ D 
F 
0.1 
'7i"' 
~
B •M 
B 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
2+2 (rarely 1+1) subterminal plumose setae. P 5 (Fig, 44 M) a large 
uniramous rudiment, usually with 1 subterminal seta. 
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U (Fig. 44 A) - Exopod with 14-17 plumose marginal setae and 1 
small seta on outer margin near base; endopod with 12-13 plumose margi-
nal setae. 
PL 1 to 5 - Occasionally tiny buds barely visible on abdominal 
somites 1 to 5. 
Zoea VII 
Carapace as in previous stage. Abdomen (Fig. 45 A) with 5 pairs 
of small pleopod buds. Telson (Fig. 45 B) slightly narrower than in 
previous stage, usually with same spine formula, but occasionally lack-
ing innermost terminal spines. 
AN 1 (Fig, 45 C) - Outer flagellum with 3 stout and 3 slender 
aesthetascs; inner flagellum with long plumose seta and 2 small setae 
terminally. 
AN 2 (Fig. 45 D) - Scale with 14 marginal setae. Flagellum 
nearly as long as scale, with 1 long and 2 short terminal setae. 
V.AN - Unchanged. 
MAX 1 (Fig. 45 E) - Basal endite with 9-10 setae. 
MAX 2 (Fig, 45 F) - Scaphognathite with 8-9 (rarely 10) plumose 
marginal setae and plumose apical tip; basal endite with 7-8 setae on 
proximal lobe and 8 on distal. 
MXP 1 (Fig. 45 G) - Exopodite with 1-2 (usually 2) subterminal 
plumose natatory setae. 
MXP 2 (Fig. 45 H) - Unchanged. 
MXP 3 (Fig. 45 I) - Endopodite with proximal to distal setation 
of 3,2,4,5; exopodite with 2-3+2-3(usually 3+3) subterminal plumose 
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Fig. 45. Zoea VII of Ogyrides limicola. A. Lateral view of 
abdomen, B. Telson, C. Antennule, D. Antenna, E. Maxil-
lule, F. Maxilla, G. Maxilliped 1, H. Maxilliped 2, 
I. Maxilliped 3, J. Pereiopod 1, K. Pereiopod 2, 
L. Pereiopod 3, M. Pereiopod 4, N. Pereiopod 5. 
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natatory setae. 
Pl to 5 - Pl (Fig. 45 J) endopodite becoming chelate, with proxi-
mal to distal setation of 4,2,4-5,4-5; exopodite with 3+3-4 subterminal 
plumose natatory setae. P 2 (Fig. 45 K) endopodite becoming chelate, 
with proximal to distal setation of 4,2,4,4; exopodite with 2-3+3-4 
subterminal plumose natatory setae. P 3 (Fig. 45 L) endopodite with 
proximal to distal setation of 3-4,2,4,3-4; exopodite with 3+3-4 sub-
terminal plumose natatory setae. P 4 (Fig. 45 M) endopodite 4-segmented, 
with proximal to distal setation of 3-4,2,3-4,3; exopodite with 2-3+2-3 
(usually 3+3) subterminal plumose natatory setae. P 5 (Fig. 45 N) uni-
ramous, exopodite lacking; basipodite without setae; endopodite 4-seg-
mented, with proximal to distal setation of 0,0-1,2,1. 
U - Essentially as in previous stage; exopod with 16-18 plumose 
marginal setae; endopod with 14-16 plumose marginal setae. 
PL 1 to 5 - Small naked rudiments. 
Zoea VIII 
Carapace unchanged. Abdomen (Fig. 46 A) with large, biramous 
pleopod buds. Telson (Fig. 46 B) with 4 pairs of spines on posterior 
border (innermost pair of previous stage lacking). 
AN 1 (Fig. 46 C) - Outer flagellum with 3-4(usually 4) stout and 
2-3(usually 2) slender aesthetascs. 
AN 2 (Fig. 46 D) - Scale with 15 plumose marginal setae and outer 
spine at tip. Flagellum usually 3-segmented, but occasionally with 
indications of several more p,egments, slightly to about 1/3 longer 
than scale, and with proximal to distal setation of 0,1,l(subterminal) 
+3(terminal). 
MAN - Unchanged. 
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Fig. 46. Zoea VIII of Ogyrides limicola. A. Lateral view of 
abdomen, B. Telson, C. Antennule, D. Antenna, E. Maxil-
lule, F. Maxilla, G. Maxilliped 1, H. Maxilliped 2, 
I. Maxilliped 3. 
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MAX 1 (Fig. 46 E) - Unchanged. 
MAX 2 (Fig. 46 F) - Scaphognathite with 9-10 plumose marginal 
setae and plumose apical tip. 
MXP 1 (Fig. 46 G) - Exopodite with 2 subterminal plumose nata-
tory setae. 
MXP 2 (Fig. 46 H) - Exopodite with 2+2 subterminal plumose nata-
tory setae. 
MXP 3 (Fig. 46 I) - Exopodite with 2+2 subterminal plumose nata-
tory setae. 
MXP 3 (Fig. 46 I) - Unchanged. 
P 1 to 5 - P 1 (Fig. 47 A) endopodite definitely chelate, with 
proximal to distal setation of 4,3,4,4. P 2 (Fig. 47 B) endopodite 
definitely chelate. P 3 (Fig. 47 C) endopodite with proximal to dis-
tal setation of 4,2,3-4,4. P 4 (Fig. 47 D) endopodite with proximal 
to distal setation of 1,2,4,3-4. P 5 (Fig. 47 E) endopodite with 
proximal to distal setation of 0,1,1,0. 
U - Exopod with 16-19 plumose marginal setae; endopod with 16-17 
plumose marginal setae. 
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PL 1 to 5 - Biramous. PL 1 (Fig. 47 F) with small endopod rudiment. 
PL 2 (Fig. 47 G) to 5 with endopod rudiment nearly as large as exopod. 
Zoea IX 
Carapace and abdomen as in previous stage. Telson (Fig. 48 A,B) 
with 2 long subterminal setae on ventral surface. 
AN 1 (Fig. 48 C) - Essentially unchanged from previous stage. 
AN 2 (Fig. 48 D) - Flagellum with proximal to distal setation of 
O,l(subtermina1)+2(terminal),2(subtermina1)+3-4(terminal); with indica-
tions of other segmentation. 
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Fig. 47. Zoea VIII of Ogyrides limicola. A. Pereiopod 1, 
B. Pereiopod 2, C. Pereiopod 3, D. Pereiopod 4, 
E. Pereiopod 5, F. Pleopod 1, G. Pleopod 2. 
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Fig. 48. Zoea IX of Ogyrides limicola. A. Telson, B. Detail of 
telson, C. Antennule, D. Antenna, E. Maxillule, 
F. Maxilla, G. Maxilliped 1, H. Maxilliped 2, I. Maxil-
liped 3. 
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MAN - Unchanged. 
MAX 1 ~Fig. 48 E) - Basal endite with 12 setae along terminal 
margin, 1 subterminal seta, and plumose epipodital hair. 
MAX 2 (Fig. 48 F) - Scaphognathite with 10-11 plumose marginal 
setae and plumose apical tip. 
MXP 1 (Fig. 48 G) - Unchanged. 
MXP 2 (Fig. 48 H) - Distal endopodite segment with 7 setae. 
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MXP 3 (Fig. 48 I) - Proximal endopodite segment with 3 setae along 
inner margin and 3 long outer setae near end of segment; antepenultimate 
segment with 2 setae, penultimate segment with 4, and distal segment 
with 6. Exopodite with 3+3-4 subterminal plumose natatory setae. 
P 1 to 5 - P 1 (Fig. 49 A) similar to that of previous stage; 
dactyl and innnovable finger of chela with small clusters of setae near 
tip in addition to setae of previous stage. P 2 (Fig. 49 B) chela 
like that of P 1; exopodite with 3-4+4 subterminal plumose natatory 
setae. P 3 (Fig. 49 C) essentially unchanged. P 4 (Fig. 49 D) endopo-
dite with proximal to distal setation of 2-3,2,4,3-4. P 5 (Fig. 49 E) 
with 5-segmented endopodite; proximal to distal setation: 0,0,1,2,1. 
U (Fig. 48 A) - Basis with 1 long outer seta; e:xopod with 18-20 
plumose marginal setae; endopod with 16-17 plumose marginal setae. 
PL 1 to 5 - Unchanged. 
Post larva 
Carapace (Fig. 50) with short, depressed, triangular rostrum. 
Post-rostral carina with 3 to 5 teeth and row of setae on each side 
extending to tip of rostrum. Pterygostomian area broaaly obtuse; one 
tiny tooth sometimes present on ventral carapace margin. Eyestalks 
long, narrowest in middle, with setae on dorsal and dorsomedial 
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Fig. 49. Zoea IX of Ogyrides limicola. A. Pereiopod 1, 
B. Pereiopod 2, C. Pereiopod 3, D. Pereiopod 4, 
E. Pereiopod 5. 
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Fig. 50. Lateral view of postlarva of Ogyrides limicola. 
,___o._5___, 
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surfaces. Abdomen (Fig. 50) with 5 pairs of functional biramous pleo-
pods. Telson (Fig. 51 A,B) somewhat triangular with 2 pairs of small 
dorsal spines, 1 pair of larger spines, 2 pairs of small setae between 
dorsal spines, and with 5 pairs of long setae arising ventrally along 
posterior margin and 3 pairs of marginal setae arising dorsally. 
AN 1 (Fig. 51 C) - Basis 3-segmented; stylocerite with two strong, 
acute spines. Outer flagellum 5-segmented; 4 stout aesthetascs arising 
from 3rd segment; distal segment with 4 small setae. Inner flagellum 
5-segmented; distal segment with 1 long and 3 small setae. 
AN 2 (Fig. 51 D) - Flagellum with about 24 segments, several times 
longer than scale. Scale with 15 plumose marginal setae and several 
setae scattered over surface. 
MAN (Fig. 51 E) - Molar process heavy, with rounded grinding sur-
face. Incisor process smaller than molar, articulated to molar, and 
with several teeth on terminal margin. Two-segmented palp present, 
with 3 terminal setae. 
MAX 1 (Fig. 51 F) - Coxal endite with 6 setae on terminal margin 
and 4 subterminal setae; basal endite with about 14 terminal and 3 
subterminal setae and plumose epipodital hair; endopodite with 1 sub-
terminal seta. 
MAX 2 (Fig. 51 G) - Scaphognathite with 38-40 plumose marginal 
setae. Coxal endite bilobed, reduced, usually with 1 seta on each lobe. 
Basal endite large, bilobed, with numerous setae on terminal margin; 
distal segment with 1-2 subterminal setae. Endopodite reduced, with 
2 terminal setae. 
MXP 1 (Fig. 51 H) - Coxal area with 4 setae. Basal endite with 
numerous setae, arranged for the most part in two rows, one marginal 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
152 
Fig. 51. Postlarva of Ogyrides limicola. A. Telson, B. Detail 
of telson, C. Antennule, D. Antenna, E. Mandible, 
F. Maxillule, G. Maxilla, H. Maxilliped 1. 
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and one submarginal. Endopodite unsegmented, with proximal to distal 
setation of 2,1,1,1; a row of about 7 setae extending from epipodite 
area along endopodite near outer border. Exopodite with 4 terminal 
and 2+1 subterminal plumose natatory setae plus 1 long and 3 short 
subterminal setae on outer margin. Epipodite large, without setae. 
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MXP 2 (Fig. 52 A) - Coxal segment with 3 marginal setae and small 
epipodite. Basal segment fused with proximal endopodite segment, unit 
bearing about 11 setae; other endopodite setation, proximal to distal 
(approximate): 5,1,10,18. 
MXP 3 (Fig. 52 B) - Large; when extended, exceeds eyestalks. 
Endopodite 3-segmented; segments sparsely clothed with long setae. 
Exopodite shorter than proximal endopodite segment, with 4 terminal 
and 3+3 subterminal plumose natatory setae. 
P 1 to 5 - All except P 5 with rudimentary exopods. P 1 (Fig. 
52 C) chelate. P 2 (Fig. 52 D) chelate; 3-segmented carpus. P 5 
(Fig. 52 E) with 2 small marginal spines on propodus. 
U (Fig. 51 A) - Exopods with inner border slightly falciform, 
outer borders nearly straight; clothed with marginal setae. Endopods 
triangular, with numerous marginal setae. 
PL 1 to 5 - PL 1 (Fig. 52 F) basipodite with 1 subterminal and 4-5 
(usually 4) terminal setae; exopodite with 6-8 long plumose setae on 
margin and 1 submarginal seta; endopodite small, about 1/3 length of 
exopodite, with 1 long terminal seta. PL 2 to 4 (Fig. 52 G) - basipodite 
with 1 terminal seta; exopodite with 6-8 plumose marginal setae and 1 
submarginal seta; endopodite nearly as long as exopodite, with 4-6 
plumose marginal setae, 1 submarginal seta, 1 small seta near base, and 
appendix interna bearing 2-3 small subterminal hooks. PL 5 (Fig. 52 H) 
like PL 2 to 4, but usually lacking small seta near base of endopodite. 
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Fig. 52. Postlarva of Ogyrides limicola. A. Maxilliped 2, 
B. Maxilliped 3, C. Pereiopod 1, D. Pereiopod 2, 
E. Pereiopod 3, F. Pleopod 1, G. Pleopod 3, 
H. Pleopod 5. 
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Comparison with planktonic larvae 
Eight zoeal forms were distinguished among larvae collected in 
plankton samples from the Chesapeake Bay. However, distinctions 
between zoea V and VI, zoea VI and VII, and zoea VII and VIII were 
sometimes difficult. It is possible that the forms identified among 
the planktonic larvae do not necessarily represent eight separate in-
starts; they may only indicate differential development among larvae 
exposed to all the variables of the natural situation. No zoeal form 
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as advanced as the zoea IX described here from laboratory-reared material 
was ever seen in the plankton. 
Table 2 shows a comparison of total lengths of reared and planktonic 
larvae. Planktonic forms were generally larger than the reared ones. 
Discussion 
Larval development of .Q_. limicola follows a pattern typical of 
many species of caridean shrimp, that is, there is a slow addition and 
elaboration of appendages throughtout a long series of larval instars. 
Development in these forms is more or less continuous, and the number 
of instars is often variable (Provenzano and Dobkin, 1962; Sandifer, 
unpublished data). This phenomenon of variation in number of larval 
instars is poorly understood, but diet (Broad, 1957b; Knowlton, 1970a; 
Sandifer, 1972),temperature (Sollaud, 1919; Knowlton, 1965, 1970a; 
Ewald, 1969; Sandifer, part III) and parental population (Ewald, 1969) 
have been implicated as contributing factors. 
The taxonomic relationships of the genus Ogyrides are not at all 
clear. The genus was variously placed in the Alpheidae and in the 
Hippolytidae until 1918 when Hay and Shore, apparently unaware of 
previous assignments, placed it in a family of its own, the Ogyrididae 
(Williams, 1955). Holthuis (1955) retained the Ogyrididae and included 
R
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Table 2. Comparison of total lengths (mm) of reared and planktonic Ogyrides limicola larvae 
Source of STAGE 
Larvae I II III IV V VI VII VIII 
Reared 
Mean 2.03 2.24 2.51 2.82 3.18 3.53 3.90 4.04 
Range 1.74- 2.13- 2.31- 2.60- 3.08- 3.27- 3. 77- 3.72-
2.11 2.36 2.68 3.00 3.45 3.67,. 4.14 4.27 
Number 
Measured 10 10 10 10 10 10 6 3 
Planton 
Mean 1.99 2.37 2.68 3.09 3.57 3.99 4.20 4.88 
Range 1.80- 2.25- 2.60- 2.88- 3.38- 3.73- 4.03- 4.43-
2.08 2.53 2.75 3.25 3.83 4.15 4.40 5.40 
Number 
Measured 10 10 10 10 10 6 10 7 
IX 
4.33 
4.19-
4.46 
2 
PL 
4.11 
3.94-
4.19 
10 
..... 
I.J1 
O'\ 
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it with the Alpheidae, Hippolytidae, and Processidae in the superfamily 
Alpheoida. Ogyrides appears more closely related to the Alpheidae and 
Hippolytidae than to the Processidae, whose members alone among the 
alpheoids have only one of the first pereiopods chelate (Holthuis, 1955). 
The question of interest, then,is whether Ogyrides is more closely 
related to the Alpheidae or to the Hippolytidae, and it is to this 
question that the larval evidence must be directed. 
The characteristics which Holthuis (1955) employed to separate 
the Ogyrididae from the Alpheidae and Hippolytidae, primarily the 
length of the eyes and the relative size of the first two pairs of 
pereiopods, do not appear until the postlarval stage. Therefore, 
strictly larval characters(s) must be used in comparing the larvae. 
Perhaps the most obvious such character in this instance is the order 
of development of the pereiopods. In Ogyrides, as in most other 
Caridea including the Hippolytidae, the pereiopods develop successively. 
However, in the Alpheidae the fifth pereiopods develop precociously, 
along with the first and before the second, third, and fourth. This 
characteristic suggests that Ogyrides is more closely related to the 
Hippolytidae than to the Alpheidae. However, it is difficult to 
make firm statements regarding the affinities of Ogyrides on the basis 
of the available larval evidence. As Ewald (1969) has pointed out: 
"The family Hippolytidae appears to be, at present, of questionable 
systematic status. The larvae of the family show such diversity that 
it is impossible to select characters which will distinguish them, as 
hippolytids, from other Caridea." Further, Thompson (1967), in his 
review of caridean phylogeny, stated: "Super-family Alpehoida is in 
many respects a catch-all category containing a number of diverse 
forms. It needs more critical study." At present, then, one can draw 
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only two conclusions concerning the taxonomic position of Ogyrides: 
1) the order of development of pereiopods during larval development 
apparently excludes Ogyrides from the Alpheidae, and 2) Ogyrides 
larval characters fall within the wide range of larval chara~ters 
embraced by the Hippolytidae. 
Arenaeus cribrarius (Lamarck) 
Introduction 
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Prior to 1959 knowledge of the larvae of portunid crabs from the 
United States' Atlantic Coast was limited to descriptions of the four 
zoeal stages of Carcinus maenas (Lebour, 1928), brief notes on the 
first zoeae of Portunus depressifrons and P. sayi and on the megalopa 
of P. anceps (Lebour, 1944), the first zoea of.!'._. spinimanus (Lebour, 
1950), and the zoeae of Callinectes sapidus (Churchill, 1942; Hopkins, 
1943, 1944). A significant Advancement was the appearance of Costlow 
and Bookhout's (1959) description of the complete larval development 
of .f_. sapidus. Since 1939, descriptions of the complete larval develop-
ment of Ovalipes ocellatus (Costlow and Bookhout, 1966b) and the zoeal 
stages of Bathynectes superba (Roberts, 1969a) have been published, 
and larvae of Callinectes similis, Portunus gibbesii, .!'._. sayi, .!'...• 
spinicarpus, and P. spinimanus have been reared in the laboratory 
(J. D. Costlow, personal communication). However, as yet nothing is 
known of the larvae of the genus Arenaeus, represented on the U. s. 
Atlantic coast by!• cribrarius. The species is common nearshore on 
sandy bottoms in high energy, high salinity environments. Its range is 
from Massachusetts to Brazil (Williams, 1965). The larvae may thus 
be expected to occur connnonly in coastal waters, along with those of 
Callinectes spp., Carcinus rnaenas, Ovalipes spp., and Portunus spp. 
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The present paper, although limited to consideration of a single zoeal 
stage, was prepared primarily to establish criteria of use in separating 
the zoeae of the commercially valuable blue crab, f_. sapidus, from those 
of A. cribarius. 
Materials and Methods 
An ovigerous A. cribrarius was collected on 10 July 1971 by beach 
seining on the south end of Folly Beach, South Carolina. The specimen 
was returned to the laboratory and maintained in an aquarium. The 
larvae, which hatched on 19 July 1971, were placed in mass cultures 
in glass bowls of seawater, and 108 specimens were placed individually 
in compartments of plastic boxes. Larvae were transferred to clean 
containers with fresh seawater (33 o/ro) and fed newly hatched Artemia 
nauplii daily. Temperature ranged from 21.2 to 28.9 c. 
Results 
Unfortunately, none of the larvae molted and all.'died within seven 
days. The major external characteristics of the first zoea are given 
below 
Carapace (Fig. 53 A) with rostral, dorsal, and lateral spines. 
Rostrum depressed, slightly curved posteriorly near tip; dorsal spine 
long, strongly curved posteriorly; lateral spines short. Lateral spine 
to rostrum length ratio of about 1:3. Lateral carapace margin with 
lobe behind eye. Eyes large, sessile. 
Abdomen(Fig. 53 A, B) with 5 somites and telson. Somites 2 to 5 
with 2 small hairs near posterdorsal margin. Somites 2 and 3 with 
lateral knobs. Somites 3 to 5 with short, bifid posterolateral spines 
only slightly overlapping the next somite. Telson bifurcate; each furca 
bearing 1 large and 1 minute lateral spine and 1 large dorsal spine; 
inner margin of telson fork with 3 pairs of spines. 
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Fig. 53. Zoea I of Arenaeus cribrarius. A. Lateral view, 
B. Dorsal view of abdomen and telson, C. Antennule, 
D. Antenna, E. Mandible, F. Maxillule, G. Maxilla, 
H. Maxilliped 1, I. Maxilliped 2. 
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AN 1 (Fig. 53 C) - Uniramous, with 2 long and 2 short terminal 
aesthetascs. 
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AN 2 (Fig. 53 D) - Protopodite with 2 rows of cuneate spinules a-
long distal half; exopodite a small blunt spine, considerably less than 
half length of protopodite, bearing 2 slighly unequal terminal setae; 
no endopodite. 
MAN (Fig. 53 E) - Incisor process well developed. 
MAX 1 (Fig. 53 F) - Coxal endite with 6 setae; basal endite with 2 
spines and 3 setae; 2-segmented endopodite with proximal segment bare 
and distal segment bearing 4 terminal and 2 subterminal setae. 
MAX 2 (Fig. 53 G) - Coxal endite bilobed with 3 setae on each lobe; 
basal endite bilobed with 4 setae on each lobe; endopodite with 1 long 
and 1 small seta on subterminal knob and 1 long and 3 small terminal 
setae; scaphognathite with 4 plumose marginal setae and plumose apical 
tip. 
MXP 1 - (Fig. 53 H) - Coxopodite usually with 1 seta; basipodite 
with 10 setae on inner margin; 5-segmented endopodite with proximal 
to distal setation of 2,2,0,2,5; exopodite 2-segmented with 4 terminal 
plumose natatory setae on distal segment. 
MXP 2 (Fig. 53 I) - Coxopodite nude; basipodite with 4 setae on 
inner margin; 3-segmented endopodite with proximal to distal setation of 
1,1,5; exopodite 2-segmented with 4 terminal plumose natatory setae on 
distal segment. 
Discussion 
The first zoea of A. cribrarius resembles that of .f.• sapidus in 
general appearance and with regard to the antennae and mouthparts. 
However, the!:_. cribrarius zoea may be distinguished from the C. 
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sapidus zoea by the following characteristics: (1) the character of 
the posterolateral spines on abdominal somites 3 to 4 (short and bifid 
in A. cribrarius, long and pointed in _Q.. sapidus), (2) the armature 
of the telson (_Q.. sapidus lacks the tiny lateral spine seen in A. 
cribrarius)1 , and (3) the relative length of the lateral carapace spines 
(lateral spine: rostrum ratio = 1:3 in A• cribrarius, 1:5 inf_. sapidus 
(Roberts, 1969). Since these characteristics are generally conservative, 
that is, they are unlikely to change appreciably during zoeal develop-
ment, they will probably serve to distinguish later stages of A. cribrarius 
and C. sapidus as well. 
Libinia dubia2 H. Milne Edwards 
Introduction 
Although larval development in the Majidae consists of only two 
zoeal stages and a megalopa, relatively few species have been reared 
through all the larval stages in the laboratory. Notably, Lebour (1927) 
was able to rear the larvae of three species from the egg, but it is 
only in recent years that larvae of other majids have been successfully 
reared (Hart, 1960; Boschi and Scelzo, 1968; Yang, 1968; Fagetti, 1969a,b), 
Of the majids of the east coast of North America, some larval stages 
are known for only six species: Epialtus dilatatus (Yang, 1968), Hyas 
1w. C. Pinschmidt, Jr. (personal connnunication) has noted that some 
.Q., sapidus zoeae bear a small lateral hair internal to the large lateral 
telson spine. I did not notice this hair in planktonic specimens but 
could have overlooked it, 
2 This portion of the dissertation has already been published (cf, Sandifer, 
P. A, and W. A, Van Engel. 1971. Chesapeake Sci. 12(1): 18-25). 
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araneus (Williamson, 1911), H. coarctatus (Lebour, 1928), Microphrys 
bicornutus (Lebour, 1944; Hartnoll, 1964), Mithrax forceps (Lebour, 
1944), and Anasimus latus (Sandifer and Van Engel, 1972). Of the 
subfamily Pisinae, the complete larval development has been described 
for only three species: Libidoclaea granaria (Fagetti, 1969a), Libinia 
spinosa (Boschi and Scelzo, 1968),and Pisoides edwardsi (Fagetti, 1969b). 
The present study was undertaken to rear the larvae of Libinia dubia 
through all the larval stages in the laboratory and to provide a des-
cription of each stage. 
Materials and Methods 
An ovigerous female of L. dubia was collected July 13, 1969, from 
the Chesapeake Bay. The crab was maintained in an aquarium in water 
of about 22 o/oountil hatching occurred. After hatching, 54 active zoeae 
were isolated and reared singly in compartments of plastic "trans-boxes" 
(Vlchek Plastics Co., Middlefield, Ohio) in filtered York River water 
(220/00), and approximately 800 zoeae were reared in mass cultures 
in large fingerbowls. Trans-boxes and fingerbowls were placed on a 
flowing water table to minimize temperature variation. Water tempera-
ture in the containers ranged from 25.5 to 28.5 Cduring the culture 
period. 
Cultures were checked for molted or dead specimens, the water was 
changed, and newly hatched Artemia nauplii added as food daily. Exuviae, 
corpses, and some live specimens of each stage were preserved in 5% 
neutral formalin. 
Drawings were made to scale with the aid of a camera lucida. The 
scales of all illustrations represent 0.1 mm. At least 10 animals and 
exuviae of each stage were examined and dissected to insure an accurate 
description of the characters of each stage. 
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Measurements of preserved specimens were made with an ocular 
micrometer, and each measurement reported is the arithmetic mean of 
measurements of 10 specimens. Carapace length was measured from 
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the anterior carapace margin to the posterior carapace extremity; total 
length was measured from the tip of the rostrum to the tip of the telson. 
Results 
Two zoeal stages and a megalopa were obtained. Of the 54 larvae 
reared in isolation, 39(72%) molted to zoea II, 21 (39%) to the megalopa, 
and 18 (33%) to the first crab. The mean intermolt duration for each 
stage of the isolated larvae was calculated from individual culture 
data for specimens which molted: zoea I,2.2 days; zoea II, 2.4 days; 
megalopa, 4.3 days; total 8.9 days. 
Two types of morphological variations were seen: 1) a zoea II with 
one furca of its telson forked at the tip, the other furca normal, 
straight and unbranche~,and 2) a few megalopae with a dorsal spine simi-
lar to that of the zoeal stages, this spine absent in normal megalopae. 
Zoea I 
Size carapace length, 0.81 mm (0.76 to 0,86 mm); total length, 2.35 
mm (2.02 to 2.54 nnn), 
Carapace (Fig. 54 A) with dorsal and rostral spines; lateral spines 
absent. Dorsal spine fairly long and curved posteriorly; rostral spine 
short, about half length of antenna, and only slightly curved. Carapace 
large and somewhat rounded laterally; one plumose "anterior seta" (see 
Discussion) on inner ventral margin of carapace; 6-7 smaller plumose 
setae posterior to "anterior seta" along ventro-lateral margin of cara-
pace. Eyes sessile. 
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Fig. 54. Zoea I of Libinia dubia. A. Lateral view, B. Dorsal 
view of abdomen and telson, C. Antennule, D. Antenna, 
E. Anterior view of mandible, E1 • Posterior view of 
mandible, F. Maxillule, G. Maxilla, H. Maxilliped 1, 
I. Maxilliped 2. 
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Abdomen (Fig. 54 B) with 5 somites; 6th somite fused with telson. 
Somite 2 with small, anteriorly curved knob on lateral surface; somites 
3-5 with small posterolateral spines overlapping the next somite. Somite 
1 with 2 setae on mid-dorsal surface; somites 2-5 with 2 setae on postero-
dorsal margin. Bifurcate telson, eac\i furca covered with fine spinules 
and bearing 1 lateral spine. Inner margin of telson fork with 3 pairs 
of spines, 2nd and 5th spines shortest, 3rd and 4th longest. 
AN 1 (Fig. 54 C) - Uniramous, unsegmented, and conical, with 2 long 
aesthetascs, 2 smaller ones, and 2 small setae terminally. 
AN 2 (Fig. 54 D) - Protopodite elongated and tapering to a point, 
with 2 rows of spinules distally. Small endopodite bud near base of 
protopodite. Exopodite elongated and tapering to a point, with 2 rows 
of spinules distally and 2 subterminal spines, the inner spine larger 
and with 2 rows of spinules. 
MAN (Fig. 54 E, E1) - Anteroventral margin with 6 ;eeth; 1 tooth 
on posteromedialmargin. 
MAX 1 (Fig. 54 F) - Endopodite 2-segmented; proximal segment with 
1 long seta, distal segment with 5 long setae, 1 subterminal and 4 ter-
minal. Basal endite with 6 terminal setae and 1 plumose subterminal 
seta; smaller coxal endite with 7 setae. 
MAX 2 (Fig. 54 G) - Scaphognathite with 9 plumose marginal setae 
and a plumose apical tip. Endopodite simple, with 5 terminal setae and 
with fine hairs on proximal lateral margin. Basal endite bilobed; 4 setae 
on distal lobe and 5 on proximal. Coxal endite slightly bilobate, with 
4 setae on each lobe. 
MXP 1 (Fig. 54 H) - Exopodite with 4 large, plumose swimming setae 
terminally. Endopodite 5-segmented; setation formula (proximal to dis-
tal): 3,2,1,2,5. Basipodite with total of 10 setae (2,2,3,3, proximal 
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to distal) on medial margin. 
MXP 2 (Fig, 54 I) - Exopodite with 4 large, plumose swimming setae 
terminally. Endopodite 3-segmented; setation formula (proximal to 
distal): 0,1,4. Basipodite with 3 setae on medial margin. 
MXP 3 - Rudimentary; bilobate structure evident. 
P 1 to 5 - Rudimentary; chelate structure of P 1 evident. 
Zoea II 
Size - carapace length, 0.97 mm (0.94 to 1.00 mm);total length, 
2.78 mm (2.62 to 2.99 mm). 
Carapace (Fig. 55 A) similar to that of former stage; "anterior 
seta" plus 7-8 setae on ventrolateral margin. Eyes stalked. 
Abdominal somite 6 separated from telson and witi,out posterolateral 
spines. Somites 2 to 5 with 2 pleopod buds v~ntra1:Jy (Fig. 55 B). Somite 
1 with 3 setae on mid-dorsal surface; somites 2 and 3 with 2 setae on 
mid-dorsal surface and 2 on posterodorsal margin; somites 4 and 5 with 
2 setae on posterodorsal margin; somite 6 without setae. Telson as in 
zoea I. 
AN 1 (Fig. 55 C) - Similar to that of former stage, with 6 long 
aesthetascs, 2 shorter ones, and 1-2 small setae terminally. 
AN (Fig. 55 D) - Similar to that of former stage. Endopodite consi-
derably longer~ extending to about middle of protopodite. 
MAN (Fig. 55 E, E1) - Palp-bud apparent on anterodorsal surface. 
MAX 1 (Fig. 55 F) - Endopodite as in former stage. Basal endite 
with 8 terminal setae, 2 plumose subterminal setae, and epipodital hair. 
Coxal endite with 8 setae. 
MAX 2 (Fig. 55 G) - Scaphognathite with 20 plumose setae on margin. 
Endopodite, basal endite, and coxal endite as in former stage. 
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Fig. 55. Zoea II of Libinia dubia. A. Lateral view, B. Ventral 
view of abdomen and telson, C. Antennule, D. Antenna, 
E. Anterior view of mandible, E1 • Posterior view of 
mandible, F. Maxillule, G. Maxilla, H. Maxilliped 1, 
I. Maxilliped 2. 
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MXP 1 (Fig. 55 H) - Exopodite with 6 swimming setae terminally. 
Endopodite and basipodite as in former stage. 
MXP 2 (Fig. 55 I) - Exopodite with 6 swimming setae terminally. 
Endopodite and basipodite as in former stage. 
MXP 3 - Rudimentary, but larger than in former stage. 
P 1 to 5 - Rudi.mentary; P 1 wi.th formed chela. 
Megalopa 
Size - carapace length, 1.16 mm (1.05 to 1.22 mm);total length, 
2.11 mm (1.95 to 2.28 mm). 
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Carapace (Fig. 56 A, 57 A) without spines. Rostrum small, rounded 
at tip and deflected downward. Interorbital region with small median 
groove. Gastric region with ridges on each side and divided by shallow 
transverse groove; posterior carinations higher than anterior. Cardiac 
region with small ridge on each lateral side and with well marked median 
protuberance, the highest point on carapace. Hepatic lobes somewhat 
hemispherical in shape. Setation of carapace: 2 on anterolateral mar-
gins of orbital region, 2 on lateral margins of mid-orbital region, 
8-10 on posterior part of front, 4 between anterior gastric carinations, 
2 between posterior gastric carinations, 1 on each posterior gastric 
car.ination, 2 anterior to and 2 posterior to cardiac median protuberance, 
1 on each lateral cardiac ridge, 1 on lateral margin of each hepatic 
lobe, numerous setae on posterior margin of carapace. Ocular peduncle 
with 2 setae on dorsal anterolateral margin and 2-4 on ventral antero-
lateral margin. 
Abdomen with 6 somites plus telson. Abdominal setation: somite 1, 
4 on posterolateral margin and 2 on posterodorsal margin; somites 2 and 
3, 2 on mid-dorsal surface and 4 on posterodorsal margin; somites 4 and 
5,6 on posterodorsal margin; somite 6, 2 on posterodorsal margin; telson 
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Fig. 56. Megalopa of Libinia dubia. A. Dorsal view, B. Antennule, 
C. Antenna, D. Mandible, E. Maxillule, F. Maxilla, 
G. Maxilliped 2. 
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2 on mid-dorsal surface. 
AN 1 (Fig. 56 B) - Peduncle 3-segmented; proximal segment bare, 
penultimate segment with 2 setae, distal segment with 1. Inner flagel-
lum unsegmented, with 3 terminal setae. Dorsal flagellum 3-segmented; 
proximal segment bare, penultimate segment with 6 aesthetascs and 1 
small dorsal seta, distal segment with 6 aesthetascs and 1 subterminal 
seta. 
AN 2 (Fig. 56 C) - Peduncle 3-segmented; basal article with dorsal 
protuberance and single seta, the following 2 distal segments with 2 and 
3 setae, respectively. Flagellum 4-segmented; proximal and antepenul-
timate segments bare, penultimate segment with 4 subterminal setae, 
distal segment with 3 long, terminal setae. 
MAN (Fig. 56 D) - Three-segmented palp present; distal segment with 
5 setae. Masticatory process rounded. 
MAX 1 (Fig. 56 E) - Endopodite unsegmented, with 2 short terminal 
setae. Basal endite with 16-17 setae, coxal erldite with 10-11. 
MAX 2 (Fig. 56 F) - Scaphognathite with 31-32 plumose marginal 
setae and with few setae on dorsal and ventral surfaces. Endopodite 
simple, with 1 terminal seta. Basal endite bilobed, with 5-6 setae 
proximally and 6-7 distally. Coxal endite slightly bilobate, with 3 
setae distally and 5 proximally. 
MXP 1 (Fig. 57 B) - Exopodite 2-segmented; proximal segment with 
1 plumose terminal seta, distal segment with 4 long plumose setae 
terminally. Endopodite unsegmented, with 3 setae terminally. Basal 
endite with 10-11 setae; coxal endite with 5-7. Epipodite with 3-5 
long non-plumose hairs. 
MXP 2 (Fig. 56 G) - Exopodite 2-segmented; distal segment with 4 
long plumose terminal setae. Endopodite 4-segmented; setation formula 
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Fig. 57. Megalopa of Libinia dubia. A. Lateral view, B. Maxil-
liped 1, C. Maxilliped 3, D. Pleopod, E. Telson, 
F. Cheliped, G. Pereiopod 2. 
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(proximal to distal): 0,1,3,6. No epipodite present. 
MXP 3 (Fig. 57 C) - Exopodite 2-segmented; distal segment with 4 
long plumose setae and 2 smaller, non-plumose setae terminally. En-
dopodite 5-segmented; setation formula (proximal to distal): 11-12, 
8-9,5,6,4. Medial border of proximal endopodite segment with 4 teeth. 
Coxopodite-epipodite area (joint indistinct) with 9-11 setae. Epi-
podite with 4-5 long non-plumose hairs. 
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P 1 to 5 - Sparsely setose; coxopodite of P 1 (cheliped) (Fig. 57 D) 
with numerous setae; basi-ischiopodite of P 2 with spine (Fig. 57 E). 
PL 2 to 6 (Fig. 57 F, G) - Exopodite 2-segmented; plumose swinnning 
setae on distal segments as follows: 10 (terminal)+ 1-2 (subterminal), 
lo+l,lo+l,8+1, and 5+0. Endopodites of PL 2 to 5 small, with 2 small 
hooks subterminally; PL 6 without endopodite. 
Gill information - Four gills on each side: 1 pair on cheliped, 
anterior one apparently an arthrobranch and posterior one probably a 
pleurobranch, and P 2 and P 3 with 1 pleurobranch each. 
Discussion 
The larvae of one other species of Libinia (~. spinosa) have been 
described (Boxchi and Scelzo, 1968). These authors reported that the 
L. spinosa larvae em~rged from the egg in a pre-zoeal stage which 
lasted for about 3 to 5 min. This stage was not seen in the present 
study, but it could have occurred without being observed because the 
larvae hatched at night and were not segregated into culture vessels 
and examined until the following morning. The zoeae of the two species 
are quite similar, but they can be distinguished on the basis of the 
posterolateral spines on aoaominal somites 3-5, which are considerably 
longer in b_. spinosa (especially on somite 3) than in b_. dubia. The 
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megalopae are more easily separated;!!,, spinosa megalopae have a promi-
nent dorsal spine, while L, dubia megalopae normally lack a dorsal spine. 
The duration of larval life in L. dubia is quite short (about 9 days), 
considerably shorter than that reported by Boschi and Scelzo (1968) for 
!!,, spinosa. These authors found each zoeal stage to last about 8-10 
days, or about three to four times the duration of each L. dubia zoeal 
stage. However, while the culture temperature in the present study 
ranged from 25.5 to 28.5 c, L. spinosa larvae were reared at approxi-
mately 20 C. The difference in the temperature regimes of the two ex-
periments may have been at least partially responsible for the large-
scale differences in the duration of larval stages. 
A large plumose seta on the ventrolateral carapace margin is 
apparently characteristic of majid zoea (Bourdillon-Casanova, 1960) 
This seta has been termed "Soie anterieure" by Bourdillon-Casanova (1960) 
and "anterior seta" by Yang (1968), and it is larger and generally more 
heavily plumose than the setae posterior to it around the carapace margin. 
As to the gill formation of the megalopa, Yang (1968) found Epialtus 
dilatatus megalopae to possess four pairs of gills in the same arrange-
ment as that found in the present study in!!,, dubia megalopae. I have 
follow~d Yang (1968) in considering the anterior gill on the cheliped 
as an arthrobranch and the posterior one as probably a pleurobranch. 
Planktonic Larvae 
Callianassa spp, 
Introduction 
Larvae of the genus Callianassa have been studied by several 
investigators (Gurney, 1924,1937,1938,1942,1944; Lebour, 1938,1941; 
Dakin and Colefax, 1940; Heegaard, 1963; Al Kholy and Mahmoud, 1967; 
and others), but the larvae of most species, including the North 
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American ones, remain unknown. The objective of the present study 
was to describe Callianassa larvae taken in plankton samples from the 
lower Chesapeake Bay, Virginia. To date, only one species, f_. 
atlantica Rathbun (=C. stimpsoni Smith) has been recorded from this 
region (Wass, 1965). 
Materials and Methods 
Callianassa larvae were sorted from plankton samples collected 
i 
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in the lower Chesapeake Bay during the summers of 1968,1969, and 1970 
with Bongo or Clarke-Bumpus samplers. Specimens of each stage obtained 
were dissected in glycerine for study and drawing of appendanges. All 
drawings were made to scale with the aid of a camera lucida. 
Results 
Larvae of three species of Callianassa were discovered in plankton 
samples from the lower Chesapeake Bay and are described below. The 
first species (Callianassa sp. A) falls into Gurney;s (1937,1938) 
"Type I" category of callianassid larvae, while the other two species 
(Callianassa spp. Band C) may be placed in his "Type II" category. 
Callianassa sp. A (=f. major Say?) 
Zoea I 
Total length (10 specimens measured)= 2.79 mm (2.60 to 3.03 mm). 
Anterolateral carapace margin (Fig. 58 A) toothed; rostrum (Fig. 
58 B) narrow, pointed, laterally denticulate distally, Eyes sessile. 
Abdomen (Fig. 58 A) of 5 somites; 6th somite fused with telson. 
Somite 2 with very large dorsal spine overlapping all of somite 3; 
somites 3-5 with small medial spines on posterodorsal border. Telson 
(Fig. 58 C) triangular with small medial cleft and 7+1+7 terminal 
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Fig. 58. Zoea I of Callianassa sp. A(= f.• major?). A. Lateral 
view, B. Rostrum, C. Telson, D. Antennule, E. Antenna, 
F. Mandible, G. Maxillule, H. Maxilla, I. Maxilliped 1, 
J. Maxilliped 2, K. Maxilliped 3. 
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processes; unpaired medial spine large artd unarticulated; 2nd processes 
hair-like. Anal spine present. 
AN 1 (Fig. 58 D) - Unsegmented, conical, with large plumose 
subterminal seta and 2 long and 2 short terminal aesthetascs and 2 slender 
setae. 
AN 2 (Fig. 58 E) - Basis unsegmented, with large ventral spine 
near base of scale; this spine about as long as flagellum; scale with 
small seta on outer border near base, large outer tooth at tip, small 
terminal segment bearing 3 plumose setae, and 5 plumose setae on remain-
der of inner margin; flagellum short, blunt, with 2 long plumose terminal 
setae. 
MAN (Fig. 58 F) - Incisor and molar processes developed. 
MAX 1 (Fig. 58 G) - Coxal endite with 7-8 setae; basal endite 
with 2 marginal spines and 3 submarginal setae; 3-segmented endopodite 
with proximal to distal setation of 2,2,4. 
MAX 2 (Fig. 58 H) - Coxal endite bilobed, with 10-12 setae on 
proximal lobe and 5 on distal; basal endite bilobed, with 9-10 setae 
on each lobe; endopodite 4-lobed with proximal to distal setation of 
3,2,2,5; scaphognathite with 5 long plumose marginal setae and plumose 
apical tip. 
MXP 1 (Fig. 58 I) - Coxopodite with 5-6 marginal setae; basip-
odite with 16-17 marginal setae; 4-segmented endopodite with proximal 
to distal setation of 3,2,2,4; exopodite with 4 long terminal plumose 
natatory setae. 
MXP 2 (Fig. 58 J) - Coxopodite without setae; basipodite with 
cluster of 3 small marginal setae; 4-segmented endopodite with proximal 
to distal setation of 2-3,2,2,5; exopodite with 4 long terminal plumose 
natatory setae. 
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MXP 3 (Fig. 58 K) - Coxopodite without setae; basipodite with 
1 seta; 4-segmented endopodite with proximal to distal setation of 0,0, 
2,4; exopodite with 5 long terminal plumose natatory setae. 
Zoea II 
Total length (10 specimens measured)= 3.39 mm (3.03 to 3.65 nnn). 
Eyes stalked (Fig. 59 A); rostrum broad (Fig. 59 B). 
Abdomen as in previous stage. Telson (Fig. 59 C) without medial 
cleft and with 8+1+8 processes. 
AN 1 (Fig. 59 D) - Unsegmented; inner flagellum present as small 
lobe bearing long plumose seta; few small subterminal setae on outer 
lateral margin; 2 long stout and 3 short and 3 long slender aesthetascs 
terminally. 
AN 2 (Fig. 59 E) - Distal segmentation of scale lacking; addi-
tional small seta in angle on inner side of outer spine. 
MAN (Fig. 59 F) - Unchanged. 
MAX 1 (Fig. 59 G) - Basal endite with 5 marginal spines and 3 
submarginal setae. 
MAX 2 (Fig. 59 H) - Endopodite 4-segmented, setation unchanged; 
scaphognathite with 9 plumose marginal setae plus plumose apical tip. 
MXP 1 (Fig. 59 I) - Basipodite with 16-19 marginal setae; endo-
podite with addition of long plumose seta on outer margin of first 
segment; exopodite with 5 natatory setae. 
MXP 2 (Fig. 59 J) - First endopodite segment with addition of 
long outer plumose seta; exopodite with 5 natatory setae. 
MXP 3 (Fig. 59 K) - Second endopodite segment with 1 seta on 
outer terminal margin. 
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Fig. 59. Zoea II of Callianassa sp. A(=£· major?). A. Lateral 
view, B. Rostrum, c. Telson, D. Antennule, E. Antenna, 
F. Mandible, G. Maxillule, H. Maxilla, I. Maxilliped 1, 
J. Maxilliped 2, K. Maxilliped 3, L. Pereiopod 1, 
M. Pereiopod 2. 
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Pl and 2 (Fig. 59 L, M) - Large, unsegmented, biramous rudiments; 
other pereiopods lacking. 
Zoea III 
Total length (5 specimens measured)= 3.99 mm (3.84 to 4.19 mm). 
Abdominal somite 6 (Fig. 60 A,B) free and bearing long medial 
spine on posterodorsal margin and 1 long ventral spine at base of each 
uropod. Pleopod buds (Fig. 60 A) present on somites 3-5. Telson 
(Fig. 60 B) narrower than in preceding stages, but with same spine 
formula. 
AN 1 (Fig. 60 C) - Basis 2-segmented; about 4 small setae around 
distal margin of proximal segment; distal segment with 2 long plumose 
subterminal setae; inner flagellum nearly as large as outer with long 
terminal plumose seta; outer flagellum with 7 terminal aesthetascs; 4 
small ventral setae near base of inner flagellum. 
AN 2 (Fig. 60 D) - Basis 2-segmented; distal segment with addition 
of small spine at base of exopodite; scale with 10 plumose marginal setae 
plus small seta in angle near outer spine; endopodite about 3/4 length 
of scale, stout, articulated to basis, tapering to blunt point, without 
setae. 
MAN (Fig. 60 E) - Unsegmented palp present. 
MAX 1 (Fig. 60 F) - Coxal endite with 9-10 setae; basal endite with 
7 marginal spines and 4 submarginal setae, and small plumose subterminal 
seta. 
MAX 2 (Fig. 60 G) - Scaphognathite with 10 plumose marginal 
setae plus plumose apical tip. 
MXP 1 (Fig, 60 H) - Unchanged. 
MXP 2 (Fig. 60 I) - Endopodite 4 or 5-segmented, with proximal 
to distal setation of 3+1ong plumose seta, 2,1,2,5. 
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Fig. 60. Zoea III of Callianassa sp. A(=~. major?). A. Lateral 
view, B. Ventral view of abdominal somite 6 and telson, 
C. Antennule, D. Antenna, E. Mandible, F. Maxillule, 
G. Maxilla, H. Maxilliped 1, I. Maxilliped 2, J. Maxil-
liped 3, K. Pereiopod 1, L. Pereiopod 2, M. Pereiopod 3, 
N. Pereiopod 4, O. Pereiopod 5. 
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MXP 3 (Fig. 60 J) - Proximal endopodite segment massive, fused 
with basipodite. 
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P 1 to 5-P 1 and 2 (Fig. 60 K, L)-- biramous; exopodite with 5 
natatory setae; endopodite partially segmented, cheliform, with 2 
subterminal and 2 terminal setae. P 3 and 4 (Fig. 60 M, N) - biramous 
rudiments; rudimentary exopodite about half length of endopodite. 
P 5 (Fig. 60 0) uniramous rudiment. 
PL 3 to 5 (Fig. 60 A) - Small uniramous rudiments. 
U (Fig. 60 B) - Basis not formed; exopodite with 7-8 plumose 
marginal setae; endopodite without setae, about half length of exopodite. 
Zoea IV 
Total length (5 specimens measured) - 4.44 mm (4.19 to 4.61 nun). 
Abdominal somite 6 (Fig. 61 B) with ventral spines at base of 
uropods reduced and with addition of large medial spine near postero-
ventral border. Telson (Fig. 61 B) narrower. 
AN 1 (Fig. 61 C) - Distal basal segment with 4 large plumose 
subterminal setae; inner flagellum with long plumose seta and small 
hair terminally; outer flagellum with 2 subterminal and 6-7 terminal 
aesthetascs. 
AN 2 (Fig. 61 D) - Scale with 12-13 plumose marginal setae; en-
dopodite unsegmented and longer than scale. 
MAN (Fig.61 E) - Rudimentary palp larger. 
MAX 1 (Fig. 61 F) - Coxal endite with 10 sete~; basal endite 
with 9 marginal spines. 
MAX 2 (Fig. 61 G) - Scaphognathite with 12-15 plumose marginal 
setae plus plumose apical tip. 
MXP 1 (Fig. 61 H) - Coxopodite with small epipodite. 
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Fig. 61. Zoea IV of Callianassa sp. A(= f• major?). A. Lateral 
view, B. Ventral view of abdominal somite 6 and telson, 
C. Antennule, D. Antenna, E. Mandible, F. Maxillule, 
G. Maxilla, H. Maxilliped 1, I. Maxilliped 2, J. Maxil-
liped 3, K. Pereiopod 1, L. Pereiopod 2, M. Pereiopod 3, 
N. Pereiopod 4, O. Pereiopod 5. 
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MXP 2 (Fig. 61 I) - Proximal 2 endopodite segments fused. 
MXP 3 (Fig. 61 J) - Proximal endopodite segment massive; 3rd 
segment with addition of outer s~ta. 
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P 1 to 5 - P 1 and 2 (Fig. 61 K, L) - segmented, with well formed 
chelae; exopodite with 5 natatory setae. P 3 (Fig. 61 M) exopodite 
with 5 natatory setae. P 4 (Fig. 61 N) exopodite rudimentary, without 
setae. P 5 (Fig. 61) exopodite lacking; endopodite with 1 subterminal 
and 2 terminal setae. 
PL 3 to 5 - (Fig. 61 A) - Large, naked biramous rudiments. 
U (Fig. 61 B) - Basis formed; exopodite with large outer tooth 
at tip and 9-10 plumose marginal setae; endopodite with 6-8 (usually 7) 
plumose marginal setae. 
Callianassa sp. B (=C .atlantica Rathbun?) 
Zoea I 
Total length (10 specimens measured)= 5.24 mm (4.79 to 5.56 nun). 
Anterolateral carapace margin toothed (Fig. 62 A); rostrum broad, 
laterally serrate distally. Eyes sessile. 
Abdomen (Fig. 62 A) of 5 somites; 6th somite fused with telson; 
somite 2 with large dorsal spine overlapping 1/3 to 1/2 of next somite; 
somites 3-5 with small medial spines on posterodorsal margin. Telson 
(Fig. 62 B) broadly triangular, with 16-18+1+16-18 terminal processes; 
2nd process hair like; medial process a large unarticulated spine. Anal 
spine present. 
AN 1 (Fig. 62 C) - Uniramous, unsegmented, with 2 subterminal 
and 4 terminal aesthetascs and 2 short and 2 long, slender terminal 
setae; inner flagellum present as Bmall subterminal lobe bearing large 
plumose seta. 
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Fig. 62. Zoea I of Callianassa sp. B (= .£· atlantica ?). 
A. Lateral view, B, Telson, C. Antennule, D. Antenna, 
E. Mandible, F. Maxillule, G. Maxilla, H. Maxilliped 1, 
I. Maxilliped 2, J. Maxilliped 3. 
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AN 2 (Fig. 62 D) - Basis with small ventral spine at base of 
scale; scale large with 16-17 plumose marginal setae and large outer 
spine at tip; endopodite unsegmented, about 2/3 to 3/4 length of scale, 
with 2 large terminal plumose setae and articulated to basis. 
MAN (Fig. 62 E) - Incisor and molar processes developed; small, 
unsegmented palp rudiment present. 
MAX 1 (Fig. 62 F) - Coxal endite with 11 setae; basal endite 
with 5-6 small and 5-6 larger marginal spines, 5-6 submarginal setae 
and occasionally 1 subterminal seta; endopodite 3-segmented with proximal 
to distal setation of 2,2,4. 
MAX 2 (Fig. 62 G) - Coxal endite bilobed, with 14-15 setae on 
proximal lobe and 5-6 on distal; basal endite bilobed, with 9-10 setae 
on each lobe; endopodite 5-lobed, with proximal to distal setation of 
4,2,2,2,4; scaphognathite with 17-20 plumose marginal setae and plumose 
apical tip. 
MXP 1 (Fig. 62 H) - Coxopodite with 8 marginal setae and small 
epipodite; basipodite with 20-22 marginal setae; 4-segmented endopodite 
with proximal to distal setation of 4+1ong plumose seta, 2,3,5; exopodite 
with 4 terminal plumose natatory setae. 
MXP 2 (Fig. 62 I) - Coxopodite with 2 setae; basipodite with 5-6 
marginal setae; 5-s~gmented endopodite with proximal to distal setation 
of 4,3,1-2,3,6; exopodite with 4 terminal plumose natatory setae. 
MXP 2 (Fig. 62 J) - Coxopodite without setae; basipodite with 2-3 
setae; 4-segmented endopodite with proximal to distal setation of 3,2,4, 
6; exopodite with 5 terminal plumose natatory setae. 
P 1 to 5 - Formed and at least partially segmented but enclosed 
in thoracic swelling. 
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Zoea II 
Total length (10 specimens measured)= 5.57 mm (5.31 to 6.08 mm). 
Eyes stalked (Fig. 63 A). Abdominal somite 6 free with posterodorsal 
spine. Semites 3-5 with pleopod buds. Telson unchanged. 
AN 1 (Fig. 63 B) - Basis 2-segmented; proximal segment with 1 small 
subterminal seta and cluster of small setae near outer terminal margin; 
distal segment with 4 long plumose setae near terminal margin, 2 small 
subterminal set~e,---outer flagellum bearing 2 subterminal and 4 terminal 
stout aesthetascs plus 6 slender, hair-like terminal aesthetascs, and 
inner flagellum with long plumose seta and small hair terminally. 
AN 2 (Fig. 63 C) - Basis 2-segmented; distal segment with small 
additional ventral spine at base of endopodite; scale with 17-19 marginal 
setae; endopodite unsegmented or occasionally segmented distally, approxi-
mately as long as scale, with 2-3 terminal hairs. 
MAN (Fig. 63 D) - Essentially unchanged. 
MAX 1 (Fig. 63 E) - Coxal endite with 11-12 setae; basal endite 
with 1 subterminal seta, 5-7 submarginal setae and 10-13 marginal spines. 
MAX 2 (Fig. 63 F) - Essentially unchanged. 
MXP 1 (Fig. 63 G) - Epipodite larger; exopodite with 5 natatory 
setae. 
MXP 2 (Fig. 63 H) - Exopodite with 5 natatory setae. 
MXP 3 (Fig. 63 I) - Essentially unchanged. 
P 1 to 5 (Fig. 63 J-N) - Well formed, segmented; P 1 to 4 with 
rudimentary non-setose exopodites; P 5 uniramous; P 1 and 2 chelate. 
PL 3 to 5 (Fig. 63 0) - Large, biramous, non-setose buds on 
abdominal somites 3 to 5. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
188 
Fig. 63. Zoea II of Callianassa sp. B (= f· atlantica ?). 
A. Lateral view, B. Antennule, C. Antenna, D. Mandible, 
E. Maxillule, F. Maxilla, G. Maxilliped 1, H. Maxil-
liped 2, I. Maxilliped 3, J. Pereiopod 1, K. Pereiopod 
2, L. Pereiopod 3, M. Pereiopod 4, N. Pereiopod 5, 
O. Pleopod. 
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Callianassa sp. C 
Zoea I 
Total length= 7.49 mm (only one specimen available for study). 
Anterolateral carapace margin toothed (Fig. 64 A); rostrum broad, 
laterally serrate distally. Eyes sessile. 
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Abdomen (Fig. 64 A) of 5 somites; 6th somite fused with telson; 
somite 2 with large dorsal spine overlapping most of next somite; somites 
3-5 with small medial spines on posterodorsal margin. Telson (Fig. 64 B) 
broadly triangular with 16+1+16 terminal processes; 2nd proccesses hair-
like, medial process a large, unarticulated spine. Small anal spine 
present. 
AN 1 (Fig. 64 C) - Uniramous, unsegmented, with 2 long stout and 
3 short slender aesthetascs terminally; inner flagellum present as small 
subterminal lobe bearing long plumose seta. 
AN 2 (Fig. 64 D) - Basis unsegmented with ventral spine at base 
of endopodite; scale with large outer spine at tip, 17 large plumose 
marginal setae plus small seta in angle beside spine, and small plumose 
seta on outer margin near base; endopodite unsegmented, little more than 
half length of scale, with 2 long terminal plumose setae. 
MAN (Fig. 64 E) - Incisor and molar processes developed; unsegmented 
palp bud present. 
MAX 1 (Fig. 64 F) - Coxal endite with 17 setae; basal endite with 
1 subterminal seta, 5 large and 6 smaller marginal spines, and 3 sub-
marginal setae; endopodite 3-segmented with proximal to distal setation 
of 2(+ hair),2,4. 
MAX 2 (Fig. 64 G) - Coxal endite bilobed, with about 20 setae on 
proximal lobe and 6 on distal; basal endite bilobed with 9 setae on each 
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Fig. 64. Zoea I of Callianassa sp. c. A. Lateral view, B. Telson, 
C. Antennule, D. Antenna, E. Mandible, F. Maxillule, 
G. Maxilla, H. Maxilliped 1, I. Maxilliped 2, 
J. Maxilliped 3. 
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lobe; endopodite with proximal to distal setation of 3,2,2,2,3; scaphog-
nathite with 26 plumose marginal setae and 2 plumose apical tips. 
MXP 1 (Fig. 64 H) - Coxopodite with 8 marginal setae and epipodite; 
basipodite with 18 marginal setae; 4-segmented endopodite with proximal 
to distal setation of 3+long plumose seta, 2,3,4; exopodite with 9 plu-
mose natatory setae terminally. 
MXP 2 (Fig. 64 I) Coxopodite with 1 seta; basipodite with 7 marginal 
setae; endopodite 4-segmented with proximal to distal setation of 5,1,3,5; 
exopodite with 13 terminal plumose natatory setae. 
MXP 3 (Fig. 64 J) - Coxopodite without setae; basipodite with 1 seta; 
endopodite 4-segmented with proximal to distal setation of 1,2,3,4; 
exopodite with 13 terminal plumose natatory setae. 
P 1 to 5 - Enclosed within thoracic swelling. 
PL 3 to 5 (Fig, 64 A) - Biramous, unsegmented, non-setose buds on 
abdominal somites 3-5. 
Discussion 
Although it was not possible to connect directly the larvae described 
here with adults of any species, other available evidence can be used to 
support hypotheses concerni~g the identity of two of these larval forms. 
Only one species, f. atlantica, has previously been recorded from the 
Chesapeake Bay, but an additional species, f· major, is known to occur 
northward at least to Beaufort, North Carolina (Williams, 1965). It 
appears likely to me that the two common forms described here, Callianassa 
sp. Band Callianassa sp. A, are the larvae of these two species, respec-
tively. 
Pohl (1946) reported that a f• major ovigerous female from North 
Carolina carried 8, 170 small (0.88 x 0.74 mm) eggs, which suggests that 
the larvae would be relatively small and that development would not be 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
192 
abbreviated. Such characteristics are exhibited by my C~llianassa sp. A 
larvae. In his study of the decapod larvae of Narragansett Bay, Hillman 
(1964) apparently misidentified young Naushonia crangonoides larvae as 
.£· atlantica larvae, since his figure of the telson of C. atlantica 
(=£· stimpsoni) is definitely that of Naushonia. However, Hillman did 
correctly identify one Callianassa larvae, called "Callianassa sp" by 
him, and he gave a dorsal view of the abdomen and telson of this form. 
His figure indicates that his Callianassa sp larva is very similar to my 
Callianassa sp. B. Since£. atlantica is the only species known to occur 
north of Cape Hatteras (Smith, 1964; Williams, 1965), it is likely that 
the larvae described here as Callianassa sp. Band by Hillman as Callianassa 
spare actually those of.£. atlantica. At present I am unable to put 
forth any hypothesis concerning the identity of my Callianassa sp. C larva. 
The number of larval stages in the genus Callianassa has been shown 
to be variable in previous investigations, with abbreviated development 
being not unconnnon (Gurney, 1937). However, it is typically the case 
that if a larva is relatively small with a telson of the form exhibited 
by my Callianassa sp. A (Gurney's Type I), its development will be extended, 
while relatively large larvae with telsons of the forn1 exhibited by my 
Callianassa spp. Band C (Gurney's Type II) undergo abbreviated development. 
Upobegia affinis (Say) 
Introduction 
Larvae of foreign species of Upogebia have been the subjects of 
studies by several investigators (Webb, 1919; Gurney, 1924, 1937, 1938, 
1942; Dakin and Colefax, 1940; Heegaard, 1963; Shenoy, 1967), but only 
Shenoy (1967) has reared larvae from the egg in the laboratory. No 
larval stages of!:!_. affinis, the only species known from the southeastern 
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Atlantic coast of the United States (Williams, 1965), have been described. 
During my studies of the distribution and abundance of decapod larvae 
(Part IV), I found U. affinis larvae to be common throughout much of the 
York River estuary and in the lower Chesapeake Bay. Four zoeal stages 
were distinguished among the planktonic specimens, and their external mor-
phology is described below. 
Zoea I 
Total length= 2.08 mm (1.98 to 2.18 mm). 
Carapace (Fig. 65 A, B) and rostrum unarmed; rostrum strong, slightly 
curved downward. Eyes sessile. 
Abdomen (Fig. 65 A, B) of 5 somites; 6th somite fused with telson; 
somite 5 with posterolateral spines. Telson triangular with deep medial 
cleft and 7+7 terminal processes; 2nd processes hair-like. Anal spine 
present. 
AN 1 (Fig. 65 C) - Uniramous, unsegmented, with 1 long plumose sub-
terminal seta and 1 stout and 4-5 slender terminal aesthetascs. 
AN 2 (Fig. 65 D) - Biramous; basis with large subterminal ventral 
spine near base of scale; scale with 9 plumose marginal setae and large 
outer spine at tip; flagellum about 2/3 to 3/4 length of scale, blunt, 
with 3 long terminal plumose setae. 
MAN (Fig. 65 E) - Incisor and molar processes developed. 
MAX 1 (Fig. 65 F) - Coxal endite with 7 setae; basal endite with 2 
strong spines and 3 setae; endopodite 3-segmented with proximal to distal 
setation of 2,2,4. 
MAX 2 (Fig. 65 G) - Coxal endite bilobed, with 7-8 setae on proximal 
lobe and 4 on distal; basal endite bilobed, with 4 setae on proximal lobe 
and 5 on distal; endopodite bilobed with 3 setae on each·lobe; scaphog-
nathite small, with 5 plumose marginal setae, 
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Fig. 65. Zoea I of Upogebia affirtis. A. Lateral view, B. Dorsal 
view, C. Antennule, D. Antenna, E. Mandible, F. Maxil-
lule, G. Maxilla, H. Maxilliped 1, I. Maxilliped 2, 
J. Maxilliped 3 and pereiopods 1-5. 
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MXP 1 (Fig, 65 H) - Coxopodite with 1-2 (usually 2) setae; basi-
podite with 8-11 marginal setae in groups of 2,2-3,2-3,2-3; endopodite 
5-segmented with proximal to distal setation of 3,2,1,2,5; 2nd and 3rd 
endopodite segments with fringe of long hairs on outer margin; exopodite 
with 4 terminal plumose natatory setae. 
MXP 2 (Fig, 65 I) - Coxopodite without setae; basipodite with 3 
setae; endopodite 4-segmented with proximal to distal setation of 2,2,2,5; 
exopodite with 4 terminal plumose natatory setae. 
MXP 3 (Fig. 65 J) - Large biramous rudiment; exopodite 2-segmented; 
endopodite a small bud. 
P 1 to 5 (Fig, 65 J) - P 1 biramous, rudimentary, nearly as large 
as MXP 3; P 2 and 3 small biramous rudiments; P 4 and 5 small uniramous buds. 
Zoea II 
Total length= 2.42 nun (2.16 to 2.65 mm), 
Eyes stalked (Fig. 66 A, B) - Telson with only slight medial indenta-
tion and bearing 8+1+8 terminal processes (Fig. 66 B). 
AN 1 (Fig. 66 C) - Basis with 2 long plumose subterminal setae on 
inner margin, cluster of small setae on outer margin, and with rudimen-
tary stylocerite near base; outer flagellum with 2 stout and 6 slender 
terminal aesthetascs; inner flagellum with 1 (rarely 2) terminal setae. 
AN 2 (Fig. 66 D) - Basis with additional small ventral spine near 
base of scale; scale with 11 plumose marginal setae. 
MAN (Fig. 66 E) - Essentially unchanged. 
MAX 1 (Fig. 66 F) - Basal endite with 4 spines and 3 setae. 
MAX 2 (Fig. 66 G) - Basal endite with 5 setae on each lobe; sca-
phognathite with 6 plumose marginal setae. 
MXP 1 (Fig. 66 H) - Endopodite segment 2 with addition of long plu-
mose seta on outer margin; exopodite with 5-6 (usually 6) natatory setae. 
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Fig. 66. Zoea II of Upogebia affinis •. A. Lateral view, B. Dorsal 
view, C. Antennule, D. Antenna, E. Mandible, F. Maxil-
lule, G. Maxilla, H. Maxilliped 1, I. Maxilliped 2, 
J. Maxilliped 3, K. Pereiopod 1, L. Pereiopod 2, 
M. Pereiopod 3, N. Pereiopod 4, O. Pereiopod 5. 
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MXP 2 (Fig. 66 I) - Exopodite with 6 natatory setae. 
MXP 3 (Fig. 66 J) - Coxopodite and basipodite without setae; endo-
podite unsegmented, bearing 1 long plumose seta and usually 1 smaller 
seta terminally; exopodite with 6 natatory setae. 
P 1 to 5 - P 1 (Fig. 66 K) endopodite as large as exopodite, unseg-
mented, without setae; exopodite with 5-6 (usually 6) natatory setae. 
P 2 (Fig. 66 L) and 3 (Fig. 66 M) smaller than P 1, with endopodite and 
exopodite about same size, unsegmented, without setae. P 4 and 5 (Fig. 
66 N, 0) small uniramous rudiments. 
PL 2 to 5 (Fig. 66 A) - Apparent as minute ventral knobs on abdominal 
somites 2-5. 
Zoea III 
Total length• 2.87 mm (2.68 to 3.05 mm). 
Abdomen (Fig. 67 A, B) with somite 6 free and bearing 2 small dorsal 
spines on posterior margin. Telson (Fig. 67 B) considerably narrower 
than in preceding stages; 4th process largest and unarticulated. 
AN 1 (Fig. 67 C) - Basis with rudimentary stylocerite and 2 clumps 
of small setae on outer margin, 4 long plumose setae on inner margin, 
and 4 long plumose setae near terminal border; outer flagellum with 
2-3 stout and 5-6 slender aesthetascs; inner flagellum with 2 subter-
minal setae. 
AN 2 (Fig. 67 D) - Basis 2-segmented; scale with 12-13 marginal 
setae; flagellum about 3/4 length of scale, bluntly pointed, with 1 
short plumose seta and usually 1 small seta terminally. 
MAN (Fig. 67 E) - Essentially unchanged. 
MAX 1 (Fig. 67 F) - Coxal endite with 8-9 setae; basal endite with 
4-6 spines and 3 setae. 
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Fig. 67. Zoea III of Upogebia affinis. A. Lateral view, 
B. Dorsal view, c.·Antennule, D. Antenna, E. Mandible, 
F. Maxillule, G. Maxilla, H. Maxilliped 1, I. Maxilliped 
2, J. Maxilliped 3, K. Pereiopod 1, L. Pereiopod 2, 
M. Pereiopod 3, N. Pereiopod 4, O. Pereiopod 5. 
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MAX 2 (Fig. 67 G) - Coxal endite with 8-11 setae on proximal lobe 
and 4-5 (usually 5) on distal; basal endite with 5-7 setae on proximal 
lobe and 7 on distal; scaphognathite with 9-10 (usually 10) plumose 
marginal setae. 
MXP 1 (Fig. 67 H) - Proximal endopodite segment with long plumose 
seta on outer margin in about 50% of specimens examined; exopodite with 
5-6 (usually 6) natatory setae. 
MXP 2 (Fig. 67 I) - Endopodite with proximal to distal setation 
of 2,3+long plumose seta, 3,6; exopodite with 6-7 (usually 7) natatory 
setae. 
MXP 3 (Fig. 67 J) - Exopodite with 7 natatory setae. 
P 1 to 5 - P 1 (Fig. 67 K) endopodite large, unsegmented; exopodite 
with 7 natatory setae. P 2 (Fig. 67 L) endopodite large, unsegmented; 
exopodite with 4-6 (usually 5) natatory setae. P 3 (Fig. 67 M) endo-
podite large unsegmented; exopodite with 2-5 natatory setae. P 4 and 
5 (Fig. 67 N, 0) large, unsegmented, uniramous rudiments. 
PL 2 to 5 (Fig. 67 A) - Slliall uniramous buds on abdominal somites 
2-5. 
U (Fig. 67 B) - Basis not formed; exopodite with 12-12 plumose 
marginal setae and rarely with small outer spine at tip; endopodite a 
naked rudiment. 
Zoea IV 
Total length• 3.87 mm (3.42 to 4.17 nnn). 
Sides of telson (Fig. 68 B) nearly parallel; 2nd processes now 
spines. 
AN 1 (Fig. 68 C) - Basis with 6 long plumose setae along inner 
margin and 4 along terminal border; outer flagellum with 3 stout and 6 
slender aesthetascs. 
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Fig. 68. Zoea IV of Upogebia affinis. A. Lateral view, B. Dorsal 
view, C. Antennule, D. Antenna, E. Mandible, F. Maxillule, 
G. Maxilla, H. Maxilliped 1, I. Maxilliped 2, J. Maxil-
liped 3, K. Pereiopod 1, L. Pereiopod 2, M. Pereiopod 3, 
N. Pereiopod 4, O. Pereiopod 5, P. Pleopod. 
\ 
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AN 2 (Fig. 68 D) - Scale with 13-15 marginal setae; flagellum 
slightly to nearly 1/3 longer than scale, unsegmented, with 1 terminal 
seta and often with few subterminal hairs. 
MAN (Fig. 68 E) - Palp bud apparent. 
MAX 1 (Fig. 68 F) - Coxal endite with 10 setae; basal endite with 
10-11 setae and spines. 
MAX 2 (Fig. 68 G) - Scaphognathite with 12-14 plumose marginal setae. 
MXP 1 (Fig. 68 H) - Basipodite with 12-13 marginal setae; proximal 
endopodite segment with plumose seta on outer margin in all specimens 
examined; exopodite with 6 natatory setae. 
MXP 2 (Fig. 68 I) - Proximal endopodite segment with 1 additional 
seta; exopodite with 7 natatory setae. 
MXP 3 (Fig. 68 J) - Endopodite large and flattened, without setae; 
exopodite with 7 natatory setae. 
P 1 to 5 - P 1 to 3 (Fig. 68 K, L, M) endopodites large, flattened, 
unsegmented; exopodites with 7,7 and 6 natatory setae, respectively. P 4 
and 5 (Fig. 68 N, 0) uniramous unsegmented endopodites nearly equal in 
size. 
PL 2 to 5 (Fig. 68 A, P) - Large unsegmented rudiments without 
setae. Most specimens with uniramous buds, but few with tiny endopodite 
rudiment apparent (Fig. 68 P). 
Discussion 
The four larval stages of!!.• affinis described here very closely 
resemble those of U. kempi (cf. Shenoy, 1967) and!!.• deltaura and U. 
stellata (cf. Webb, 1919). However, Webb reported that her Upogebia 
larvae exhibited a slight tendency toward abbreviation of development, 
occasionally molting directly from the third stage to the postlarva. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
202 
Later, Gurney (1937) reported that the free-swimming larval stage had 
been completely suppressed in the development of!!_. savigny. !!_. affinis, 
however, apparently does not exhibit any tendency toward abbreviation 
of development. Four larval sta~es were consistently found in plankton 
samples, and M. H. Roberts (personal communication) has found that labora-
tory-reared larvae from the same brood pass through four or five instars, 
the last two being nearly identical. 
Lepidopa websteri Benedict{?) 
Introduction 
Sand crabs of the genus Lepidopa are known only from the coasts 
of the Americas and the associated offshore islands, where they are pri-
marily subtropical and tropical in distribution (Efford, 1971). Lepidopa 
websteri which was originally described from Fort Macon, near Beaufort, 
North Carolina, is the northern-most ranging species on the eas~ coast 
of the United States, and Beaufort remains the known northern extreme 
of its range (Williams, 1965; Efford, 1971). No other known species of 
Lepidopa occur north of Florida on our east coast (Efford, 1971), 
The larvae of only one of the 16 known species of Lepidopa, b_. cali-
fornica, have been described. According to Efford (1971), adults of 
this species have been confused with those of L. myops since the beginning 
of the centu;y, and the b_. myops larvae described by Johnson and Lewis 
(1942) and Knight (1970) actually are larvae of L. californica. Plank-
tonic larvae of an unidentified and probably unknown species were also 
described by Knight (1970). 
The objectives of the present study were to describe the planktonic 
Lepidopa larvae taken from Virginia waters and to compare them with the 
other known larvae of the genus. Larvae described here are presumed 
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await laboratory-rearing studies. 
Materials and Methods 
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Lepidopa larvae sorted by Mr. W. A. Van Engel from some offshore 
plankton samples taken during the Institute'e Atlantic ichthyoplankton 
cruises of 1959-1962 (see Joseph, Massman, and Norcross, 1960, for 
details of sampling) were given me for study. Other specimens were sor-
ted by me or by a fellow student, Miss Ellen Hunter, from Chesapeake 
Bay plankton samples. 
Results 
The fourth zoeal stage and the megalopa were missing from my col-
lection series. The major morphological characteristics of the first 
three zoeal stages are described below. 
Zoea I 
Carapace (Fig. 69 A) with long, smooth rostral spine and pair of 
long posterolateral spines; rostral spine about twice length of cara-
pace. Eyes sessile. 
Abdomen (Fig. 69 B) of 5 somites; 6th somite fused with telson. 
Small ventrolateral spines on somites 3 and 4; very large, dorsally 
curved posterolateral spines on somite 5. Telson (Fig. 69 B) broadly 
curvi-triangular with armature as follows: 1st process a smooth lateral 
spine; 4th process a large posterolateral spine; 2nd and 3rd processes 
small setae in angle between 1st and 4th processes; and 28-32 strong 
setae along curved posterior margin between 4th processes. Posterior 
telson margin with slight medial indentation. 
AN 1 (Fig. 69 C) - Uniramous, unsegmented and conical, with 3 
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Fig. 69. Zoea I of Lepidopa websteri (?). A. Lateral view, 
B. Dorsal view of abdomen and telson, C. Antennule, 
D. Antenna, E. Mandible, F. Maxillule, G. Maxilla, 
H. Maxilliped 1, I. Maxilliped 2. 
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terminal aesthetascs and 1-3 minute terminal setae. 
AN 2 (Fig. 69 D) - Basis with small spine at base of exopodite 
and large spine-like protopodite shorter than exopodite and bearing 
spinules distally; exopodite smooth, tapering to point, with small 
plumose seta arising about mid-point. 
MAN (Fig. 69 E) - with well developed teeth. 
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MAX 1 (Fig. 69 F) - Coxal endite bearing 1 minute subterminal hair 
and 5 terminal setae; basal endite with minute subterminal hair and 2 
stout terminal spines; endopodite unsegmented, with minute subterminal 
hair and 2 terminal setae, 1 short and 1 long and plumose. 
MAX 2 (Fig. 69 G) - Coxal endite bilobed, with 2 setae on each 
lobe; basal endite bilobed, with 4 setae on each lobe; endopodite unseg-
mented, with 5 setae; scaphognathite bearing 15-17 plumose marginal setae. 
MXP 1 (Fig. 69 H) - Coxopodite without setae; basipodite with 12 
marginal setae in groups of 3; 5-segmented endopodite with proximal to 
distal setation of 3,2,1,2,5; exopodite with 4 terminal plumose natatory 
setae. 
MXP 2 (Fig. 69 I) - Coxopodite without setae; basipodite with 3 
marginal setae; 4-segmented endopodite with proximal to distal setation 
of 3,2,2,5; exopodite with 4 terminal plumose natatory setae. 
MXP 3 and P 1 to 5 - Rudimentary; present only as minute buds. 
Zoea II 
Carapace (Fig. 70 A) with sharp anterolateral spine on each side 
below eye. Eyes stalked. 
Ventrolateral spine on abdominal somite 3 smaller than that on 
somite 4. Telson (Fig. 70 B) as in previous stage, with 28-31 marginal 
setae. 
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Fig. 70. Zoea II of Lepidopa websteri (?). A. Lateral view, 
B. Dorsal view of telson, C. Antennule, D. Antenna, 
E. Mandible, F. Maxillule, G. Maxilla, H. Maxilliped 1, 
I. Maxilliped 2. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
-----
D 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
AN 1 (Fig. 70 C) - 2-segmented; proximal segment bare or with 1 
minute terminal seta; distal segment with 2 slender subterminal aes-
thetascs, 2 slender and 1 stout terminal aesthetascs and 3 small ter-
minal setae. 
AN 2 (Fig. 70 D) - Small endopodite bud apparent, 
MAN (Fig. 70 E) - Little changed. 
MAX 1 (Fig. 70 F) - Basal endite with 3 marginal spines. 
MAX 2 (Fig. 70 G) - Endopodite with 5-6 setae; scaphognathite 
with 20-23 plumose marginal setae. 
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MXP 1 (Fig. 70 H) - Fourth endopodite segment with additional seta 
on outer margin and usually also 1 on inner margin; exopodite with 10 
natatory setae. 
MXP 2 (Fig. 70 I) - Third endopodite segment with additional seta 
on outer margin; exopodite with 10 natatory setae. 
MXP 3 and P 1 to 5 - Rudimentary lobes present. 
U - Anlagen visible within telson. 
Zoea III 
Abdominal somite 6 free (Fig. 71 A) - Ventrolateral spines on 
somite 3 small. Telson (Fig. 71 B) unchanged, with 31 posteromedial 
setae. 
AN 1 (Fig. 71 C) - Distal segment with 2 subterminal tiers of 2 
slender aesthetascs each and with 1 stout and 2 slender aesthetascs 
and 3 small setae terminally. 
AN 2 (Fig. 71 D) - Endopodite bud nearly as long as protopodite. 
MAN (Fig. 71 E) - Unchanged. 
MAX 1 (Fig. 71 F) - Coxal endite with 6 setae. 
MAX 2 (Fig. 71 G) - Co:2;:al endite with 3 setae on distal lobe; 
scaphognathite with 33-36 plumose marginal setae. 
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Fig. 71. Zoea III of·Lepidopa·websteri (?). A. Lateral view, 
B. Ventral view of abdominal somite 6 and telson, 
C. Antennule, D. Antenna, E. Mandible, F. Maxillule, 
G. Maxilla, H. Maxilliped 1, I. Maxilliped 2, 
J. Maxilliped 3 and pereiopods 1-5, K. Uropod. 
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MXP 1 (Fig. 71 H) - Endopodite with proximal to distal setation 
of 3,2,1,4,5; exopodite with 13-14 natatory setae. 
MXP 2 (Fig. 71 I) - Third endopodite segment with additional 
outer seta (proximal to distal setation now 3,2,4,5); exopodite with 
13-14 natatory setae. 
MXP 3 (Fig. 71 J) - Large, unsegmented, uniramous bud. 
P 1 to 5 - (Fig. 71 J) - Uniramous, partially segmented; P 1 
cheliform. 
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U (Fig. 71 K) - Two-segmented; basal segment with minute endopodite 
bud; terminal segment (exopodite) with 8 plumose marginal setae. 
Comparison with Other Lepidopa lar~ae 
The Lep!dopa larvae described here differ in several respects 
from those, 1_. californica (•1_. myops) and Lepidopa sp. B, described by 
Knight (1970). The most obvious differences concern the telson. In 
both larval forms described by Knight, the telson is sharply triangular 
with very long posterolateral spines (4th processes) and with 21-26 
(1_. californica) or 25-31 (Lepidopa sp. B) posteromedial setae. In 
L. websteri the telson is curvi-triangular, with relatively short postero-
lateral spines and with 28-32 posteromedial setac. Also, in both of 
Knight's species, the ventrolateral spine on abdominal somite 3 was 
much smaller than that on somite 4 from zoea I. However, in.!!_. websteri 
this spine was nearly as large as that on somite 4 in zoea I but became 
progressively smaller during development. Some other differences are 
summarized in Table 3. 
Distribution 
Lepidopa larvae were taken at six locations near the mouth of Chesa-
peake Bay and at one location north of the Bay, off Virginia's Eastern 
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Table 3. Comparison of certain setation characteristics of larvae 
of the genus Lepidopa 
No. Marginal 
Setae on MAX 2 No. Natatory 
Species Stage Scaphognathite MXP l 
"' 
Lepidopa californica I 10-14 4 
Lepidopa sp. B I 10-13 4 
Lepidopa websteri I 15-17 4 
Lepidopa californica II 13-18 8 
Lepidopa sp. B II 13-20 9-10 
Lepidopa websteti II 20-23 10 
Lepidopa californica III 19-28 10 
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Setae 
MXP 2 
4 
4 
4 
8 
9-10 
10 
10 
(rarely 11) (rarely 
Lepidopa sp. B III 26-33 12 12 
11) 
(11-13) (rarely 13) 
Lepidopa websteri III 33-36 13-14 13-14 
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Shore (see Part IV). Although the total number of samples containing 
Lepidopa larvae and the numbers of larvae found were not large, the 
distribution of the larvae and the fact that most of the specimens 
taken were first zoeae suggest that adult populations of Lepidopa may 
occur in the Chesapeake region, probably in the vicinity of Virginia 
Beach. 
Discussion 
In his review of the genus Lepidopa, Efford (1971) stated that, 
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in particular, comparisons of the larvae of the various species mus.t be 
carried out before his ideas concerning the evolution of the genus 
could be considered more than a preliminary hypothesis. The present 
paper is a small addition to the knowledge of the larvae of the genus. 
Although little can be deduced regarding Efford's hypothesis from the 
limited larval evidence available, the obvious differences between 
larvae pointed out in the present paper at least support his contention 
that L. californica and L. websteri belong to different species groups. 
Although the occurrence and distribution of Lepidopa larvae reported 
in the present study suggests that there may be breeding populations of 
.!!· websteri in Virginia, the po·-·sibility that the larvae might have been 
swept into Virginia waters from the south cannot be ruled out positively. 
However, if one considers Beaufort, N. C., to be the northernmost extreme 
of the breeding range of_!:. websteri, it becomes difficult to explain 
how first zoea could be transported northward all the way to the mouth 
of the Chesapeake Bay and beyond. Such northward drift would have to 
have been rapid if one assumes that the duration of the first zoeal 
stage of.!!• websteri is approximately the same (8-10 days) as that 
reported for reared.!!· californica (Knight, 1970). In view of summer 
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circulation patterns described for this region by Harrison et. al. 
(1967), such transpo~t appears doubtful. It thus appears likely that 
breeding populations of l• websteri range considerably further north-
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ward than previously believed, probably beyond the Hatteras faunal barrier 
and into Virginia. 
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III. EFFECTS OF TEMPERATURE AND SALINITY ON LARVAL DEVELOPMENT OF 
CHESAPEAKE BAY DECAPODS 
Introduction 
Environmental factors which have been shown to influence survival 
and development of decapod larvae and duration of larval life include 
temperature, salinity, diet, substrate and culture density. Of these 
factors, temperature and salinity are probably the most important, at 
least with regard to the larvae of estuarine species (Kinne, 1963). 
My initial objectives in this portion of the work were to investigate 
the literature to determine what information was available concerning 
the effects of temperature and salinity on larvae of decapod species 
found within the Chesapeake Bay and to summarize these data. Upon in-
vestigating the literature, however, I found that while a considerable 
body of information exists concerning the effects of temperature and 
salinity on larval development of brachyurans, only a few studies examin-
ing the effects of these factors on the larvae of other decapod groups 
have been published. I then decided to swnmarize the data available in 
the literature and, in addition, to carry out an experiment to deter-
mine the effects of temperature and salinity on larval development of 
Palaemonetes vulgaris, one of the most abundant and widespread caridean 
shrimps of the bay. The results of the literature survey and the experi-
mental study are reported below. 
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Literature Review of Results of Temperature - Salinity Studies Concerning 
the Larvae of Chesapeake Bay Decapod Species 
Crangon septemspinosa 
Source of data: Regnault and Costlow (1970) 
Experimental conditions: See below 
Effects of temperature: 
The effects of constant temperatures of 15, 20 and 25 C were deter-
mined among larvae reared in salinities of 20 and 30 0/00. The percen-
tages of larvae completing development were 24 and 37% (in 20 and 30 0/00, 
respectively) at 15 C, 54 and 60% at 20 C, and 2.0 and 2.6% at 25 C, and 
the average duration of development at these temperatures was 31, 19-20, 
and 21 days, resr~ctively. At these temperatures, survival in 30 o/oo 
was slightly greater than in 20 0/00, but salinity exerted no influence 
on duration of development. These results suggested that a temperature 
of about 20 C was optimal for larval development off_. septe~~£inosa. 
Regnault and Costlow also studied the effects of cyclic temperatures 
on larval development using 24-hr cycles of 15-20 c, 20-25 C and 25-30 C 
in salinities of 20 and 30 0/00. No larvae reared in the 25-30 C cycle 
survived beyond 24 hours. Survival in the 15-20 C cycle was 37 and 49% 
(in 20 and 30 0/00, respectively), while in the 20-25 C cycle it was 
6 and 26%. There was essentially no difference in the duration of 
development of larvae reared under the conditions of these two latter 
cycles. Thus, the 20 C component of the cycles appeared to ameliorate 
the effects of lower (15 C) and higher (25 C) temperatures. Again, sur-
vival in 30 o/oo ~,as a little greater than in 20 0/00. 
Effects of salinity: 
Larvae were reared in six salinities (10, 15, 20, 25, 30 and 35 0/00) 
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at the 15-20 C temperature cycle, and some larvae were reared in three 
salinities (10, 20 and 30 0/00) under six temperature conditions (1~, 
20 and 25 C; 15-20 C, 20-25 C and 25-30 C). Within the range 20-30 0/00, 
salinity per~ had little effect on the survival and development of the 
larvae. In the lower salinities (10 and 15 0/00) none of the larvae 
survived for more than 24 hours, and in the higher salinity (35 0/00) 
most larvae died before the first molt but a few survived to stage IV. 
An experiment was also run to determine the effects of changing 
salinity during development. It was found that a stepwise salinity in-
crease from 20 to 30 o/oo during the early days of larval development 
increased the survival of larvae through metamorphosis and avoided 
critical periods of high mortality. However, the change had no effect 
on the duration of larval life or the number of pre-metamorphic instars. 
Pagurus longicarpus 
Source of data: Roberts (1969, 1971a) 
Experimental conditions: The salinity range tested was 10.5 to 30.5 0/00. 
Effects of temperature: 
Roberts did not determine the effects of temperature on larval 
development, but he (1969) reported that ovigerous females .could be taken 
in the Chesapeake Bay from March to October. It is thus likely that the 
larvae may tolerate a relatively wide range of temperature. 
Effects of salinity: 
A broad range of salinity, 18.0 to 30.5 0/00, was found to be opti-
mal for zoeal and megalopal development. This range was only slightly 
less broad than the total range (15.5 to 30.5 0/00) permitting complete 
development. Mortality of all stages increased rapidly in salinities 
below 15.5 0/00, and intermolt duration increased slightly at the lowest 
salinities (10.5 and 13.0 0/00). 
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Polyonyx gibbesi 
Source of data: Gore (1968) 
Experimental conditions: Larvae were reared at five temperatures (10, 
15, 20, 25 and 30 C) in 33 to 35 o/oo salinity. 
Effects of temperature: 
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Stage I zoeae survived for a maximum of 32 days at 10 C and 22 days 
at 15 C, and none molted to stage II. At 20, 25 and 30 C larvae reached 
the megalopal stage in a minimum of 18, 14 and 8 days, respectively. 
Development was most rapid at 30 C, but few larvae molted to the megalopa 
there, and none survived to the first crab stage. First crab stages 
were obtained only from the larvae reared at 25 C. 
Effects of salinity: 
Net determined. 
Cancer irroratus 
Source of data: Sastry (1970) 
Experimental conditions: Larvae were reared at temperatures of 10, 15 
and 20 C in salinities of 15, 20, 25, 30 and 35 0/00. 
Effects of temperature and salinity: 
Mortality was highest, sometimes reaching 100%, in salinities of 15 
and 20 o/oo at all temperatures. Survival to the megalopa occurred at 
all three temperatures in salinities of 20 to 35 o/oo except at 10 C in 
20 0/00. First crabs were obtained only at 15 C in salinities of 20 to 
35 o/oo and at 20 C, 25 0/00. Survival to the megalopa and to the first 
crab was highest at 15 C. 
Sesarma cinereum 
Source of data: Costlow, Boekhout and Monroe (1960) 
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Experimental conditions: Larvae were reared at temper.atures of 20, 25 
and 30 C in salinities of 12.5, 20.1, 26.7 and 31.1 0/00. 
Effects of temperature: 
Temperature had little effect on mortality, but its influence on 
duration of larval development was pronounced. At 20 C development to 
the first crab stage required 35-39 days, while at 30 Conly 20-22 days 
was required. 
Effects of salinity: 
Successful hatching of eggs was observed in all salinities. Higµest 
survival to the first crab stage was seen among larvae reared in 26.7 0/00, 
and the first crab stage was also attained by larvae reared in 20.1 0/00. 
In salinities of 12.5 and 31.1 0/00, however, none of the larvae reached 
the first crab stage. In 12.5 o/oo mortality was highest at zoea I, while 
in 31.1 o/oo mortality was greatest at zoea IV. 
Salinity also exerted noticeable influences on the duration of lar-
val life. A tendency for greater duration of each instar was apparent 
among larvae reared in the lower salinities (12.5 and 20.1 0/00) and was 
most evident in later stages. Thus, total duration of larval development 
was also greater in these salinities. Some variations in the duration 
of the megalopal stage were also salinity dependent, with greater dura-
tion observed at the lower salinities. 
Effects of temperature and salinity: 
Optimal conditions of temperature and salinity for larval develop-
ment, estimated statistically, were different for each larval stage. 
Libinia dubia 
Source of data: Sandifer (unpublished data) 
Experimental conditions: Larvae were reared in two salinities, 22 and 
32 o/oo; temperature ranged from 24 to 29 C. 
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Effects of temperature: 
Not determined. 
Effects of salinity: 
There were essentially no differences in the average duration of 
each stage or in the average total duration of larval life for larvae 
reared in 22 and 32 o/oo salinity. However, there was a slight tendency 
for higher survival of the zoeae in the higher salinity and of the mega-
lopae in the lower salinity. 
Callinectes sapidus 
Source of data: Sandoz and Rogers (1944), Costlow and Boekhout (1959) 
and Costlow (1967). 
Experimental conditions: Costlow and Boekhout (1959) reared larvae at 
temperatures of 20, 25 and 30 C in salinities of 10.5, 15.6, 20.1, 
26.7, 31.1 and 32.0 0/00. Their study was much more extensive than 
that of Sandoz and Rogers (1944), so the following discussion is 
based primarily on Costlow and Bookhout's work. Megalopae were 
treated in greater detail by Costlow (1967); he reared them at 15, 
20, 25 and 30 C in salinities of 5, 10, 20, 30, 35 and 40 0/00. 
Effects of temperature and salinity: 
Highest mortality occurred during the first two zoeal stages in all 
temperature-salinity combinations. At 20 C no larvae survived beyond 
zoea I in any salinity. Also, no larvae survived beyond zoea I in sali-
nities of 10.5 and 15.6 o/oo except at 25 C, 15.6 o/oo where some larvae 
reached zoea II. At 30 Ca few larvae reached zoea III in salinities of 
26.7 and 31.1 o/oo and zoea IV in 26.7 0/00, but none reached the mega-
lopal stage. Survival to the first crab stage occurred only at 25 C in 
salinities of 20.1, 26.7, 31.1 and 32.0 0/00. Development to the megalopal 
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stage required 31-49 days, and there was no significant difference in 
duration of zoeal development for larvae reared in salinities of 20.1, 
26.7 and 31.1 0/00. 
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For megalopae, survival to the first crab stage occurred at 15 C, 
20-40 o/oo; 20 C, 10-40 o/oo; 25 and 30 C, 5-40 0/00. At 15 C highest 
survival (50%) was seen in 35 o/oo; at 20 C, 70-90% survival was observed 
in 10-40 o/oo; and at 25 and 30 C, 78.9-100% of the megalopae survived 
to the first crab stage in 10-40 o/oo salinity. Temperature also exerted 
a pronounced influence on the duration of the megalopal instar. The mega-
lopal stage required 30-67 days at 15 C, 12-26 days at 20 C, 6~13 days 
at 25 C and 5-11 days at 30 C. An influence of salinity was also apparent. 
At 15 and 20 C, duration increased slightly with increasing salinity. 
Ovalipes ocellatus 
Source of data: Costlow and Boekhout (1966b) 
Experimental conditions: Larvae were reared in 25, 30 and 35 o/oo at 
20 and 25 C and in 4Q o/oo at 25 C. 
Effects of temp~rature and salinity: 
Complete development to the first crab stage was observed in 25, 30 
and 35 o/oo at 20 C and in 25 and 30 o/oo at 25 C. Larvae reached the 
megalopal stage but did not survive to the first crab stage in 35 o/oo 
at 25 C. Complete development ~equired 26-27 days at 20 C but only about 
18 days at 25 C. Rate of larval development was not affected by salinity. 
Neopanope texana sayi 
Source of data: Chamberlain (1961) 
Experimental conditions: Larvae were reared at temperatures of 21 ± 1.5 C 
and 30 ± 2 C in 30 ± 2 o/oo salinity. 
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Effects of temperature: 
Complete zoeal development required 20-27 days at 21 C and 12-14 
days at 30 C. 
Effects of salinity: 
Not determined. 
Hexapartopeus angustifrons 
Source of data: Chamberlain (1961) 
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Experimental conditions: Larvae were reared at temperatures of 21 ± 1.5 C 
and 30 ± 2 C in 30 ± 2 o/oo salinity. 
Effects of temperature: 
Complete zoeal development required 26-28 days at 21 C and 14-16 
days at 30 C. 
Effects of salinity: 
Not determined. 
Panopeus herbstii 
Source of data: Costlow, Bookhout and Monroe (1960) 
Experimental conditions: Larvae were reared at temperatures of 20, 25 
and 30 C in salinities of 12.5, 20.1, 26.5 and 31.1 0/00. 
Effects of temperature and salinity: 
Mortality of zoea I was highest at all temperatures in 12.5 o/oo 
salinity, and was lowest at 20 C in the other salinities. The mortality 
of zoea II was also low at 20 C, but for stages III and IV mortality 
varied considerably throughout the various temperature-salinity combina-
tions. Mortality of the megalopal stage was highest at 20 C, 31.1 0/00. 
Survival to the first crab stage occurred at all temperature-salinity 
combinations except at 20 C in 12.5 and 31.1 0/00. Highest survival to 
the first crab stage (18.5%) occurred at 30 C, 20.1 o/oo and was very simi-
lar to survival seen at 30 C, 26.5 o/oo (17%) and at 30 C, 31.1 o/oo (16%). 
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Duration of larval development was affected by temperature and by 
salinity. In 12.5 o/oo molting was delayed from zoea I, and a similar 
effect became apparent at zoea IV and the megalopa in 20.1 0/00. The 
effect of temperature was more pronounced. Larvae reared at 25 and 30 C 
completed the first molt at approximately the same time and before those 
reared at 25 Chad begun. By the third molt, larvae at 30 C molted before 
those at 25 C began, and larvae at 20 C did not undergo the molt until 
those at 25 Chad completed it. Considering the total duration of larval 
life, complete development at 20 C required about twice the time as that 
at 30 C. 
Rhithropanopeus harrisii 
Source of data: Chamberlain (1962); Costlow, Boekhout and Monroe (1966) 
Experimental conditions: Chamberlain reared larvae at temperatures of 
15, 24 and 30 C in salinities of 1, 3, 6, 10 and 15 0/00. Costlow 
et al. (1966) reared the larvae at temperatures of 20, 25 and 30 C 
in salinities of 1.0, 2.5, 5.0, 15.0, 25.0, 33.0, 35.0 and 40.0 0/00. 
Effects of temperature and salinity: 
Costlow et al. reported that no larvae completed development in 1 o/oo 
salinity and most did not even reach stage II, while in all the other 
salinities some larvae reached the first crab stage. In salinities of 
15 and 25 o/oo survival to the megalopal stage ranged from 66 to 90%, but 
percentage survival decreased in higher and especially in lower salinities. 
Similarly, Chamberlain reported 100% mortality in 1 o/oo and low survival 
in 3 0/00, but he also found 100% mortality in 15 0/00, a marked contrast 
to the results of Costlow et al. Temperature also affected survival. 
In low salinities (.c:::15 0/00), Costlow et al. found higher survival at 
30 C than at 20 C, while in salinities of 15-40 o/oo survival at the lower 
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temperature was greater. In contrast, in 3, 6 and 10 o/oo Chamberlain 
found survival at 15 and 24 C to be similar and slightly greater than that 
at 30 C. 
The duration of larval development was unaffected by salinities in 
the range 5-35 0/00, but at 2.5 and 40 o/oo a slight increase in duration 
was apparent. However, the influence of temperature was marked. Costlow 
et al. reported that while development to the first crab stage required 
26-41 days at 20 C, at 30 Conly 11-18 days were necessary, and Chamberlain 
found zoeal development to require 19-24 days at 15 C, 13-17 days at 24 C 
and 11-13 days at 30 c. 
Effects of Temperature and Salinity on Larval Development 
of Grass Shrimp, Palaemonetes vulgaris 
Introduction 
The grass shrimp, Palaemonetes vulgaris (Say), ranges at least from 
Barnstable County, Mass., to Cameron County, Texas, (Williams, 1965) and 
is one of the most abundant estuarine decapods in this range. Nagabhushanam 
(1961) found the species to be nearly euryhaline, tolerating salinities 
from 3 o/oo to fully marine in the laboratory, and its extensive range 
implies eurythermal tolerance. However, only Knowlton (1965, 1970a) has 
studied the effects of temperature and salinity on R_. vulgaris larvae, 
and his results were limited by the small number of experimental animals 
he used. 
The objectives of the present study were to determine the effects of 
temperature and salinity on survival and development of P. vulgaris lar-
vae reared through metamorphosis in the laboratory. 
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Materials and Methods 
The experimental design was a 3 x 6 factorial using temperatures of 
20, 25 and 30 C and salinities of 5, 10, 15, 20, 25 and 30 0/00. Test 
media were prepared by diluting seawater with distilled water, and tempera-
ture control baths were modified from Reed (1969). Each bath was equipped 
with a thermostat, two 125-w heaters, a maximum-minimum thermometer, and 
an air stone to circulate the water. A grate suspended in each bath 
supported the culture vessels. The baths were placed inside a cold room 
maintained at 11 C, where a 60-w bulb controlled by a timer provided 14 
hr of light every 24 hr, approximately coincident with times of natural 
daylight. Although the temperature regimes are referred to above and 
throughout the paper as 20, 25 and 30 C, the observed temperatures (mean 
+ one standard deviation) were 20.3 ± 0.7 C (range, 18.3 to 21.1 C), 25.4 
± 1.0 C (range, 22.8 to 26.7 C) and 30.6 ± 0.5 C (range, 29.4 to 31.7 C), 
respectively. 
An ovigerous female was collected near Wachapreague, Virginia, on 
12 June 1970. Salinity at the collection site was approximately 30 0/00. 
The shrimp was maintained in a glass bowl at 30 o/oo salinity and 25 C in 
the laboratory, and larvae were obtained on the day following collection. 
Active larvae were first placed in mass cultures at room temperature and 
fed newly hatched Artemia nauplii (California Brine Shrimp, Inc., Menlo 
Park, California). Zoeae to be reared in 5, 10 and 15 o/oo salinity were 
acclimated in 15 o/oo for four hrs, and those to be reared in higher 
salinities were maintained in 30 o/oo for four hrs. Larvae were then 
transferred with a large-bore medicine dropper to test media in compart-
mented plastic boxes. Each box contained 18 compartments in rows of six, 
and one zoea in 50 ml of media was placed in every compartment. Three 
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salinities were tested per box (i.e., each row of six compartments was 
a replicate of a particular temperature-salinity combination), and there 
were six boxes in each of the three water baths. Thus, there were three 
replicates (one in each of three boxes) of each temperature-salinity combi-
nation, and a total of 18 larvae was reared at each condition. 
Larvae were transferred to clean boxes with fresh media and fed an 
abundance of newly hatched Artemia nauplii once daily. Molts, deaths and 
maximum and minimum temperatures were recorded at this time. Mean tempera-
tures and standard deviations were calculated from the maximum and minimum 
temperatures. The experiment was terminated after 40 days, when all sur-
vivors were in postlarval stages. 
Results 
A detailed presentation of survival and developmental history of each 
larva reared in the present study is given in Appendix A. 
Survival 
In general, survival in-salinities >5 o/oo was similar ( >60%) at 
20 and 25 C but was lower at 30 C in nearly all salinities. Survival in 
5 o/oo occurred only at 25 C, where 13 zoeae successfully completed the 
first molt, and two survived through metamorphosis; in contrast, at 20 
and 30 Conly two zoeae molted once, and none survived to molt again. 
An analysis of variance performed on arcsin transformations (Steel 
and Torrie, 1960) of the percentage survival data showed differences in 
survival between temperatures and between salinities at the 1% level, and 
the temperature-salinity interaction was significant at the 5% level (Table 
4). Student-Newman-Keuls' multiple range tests (Steel and Torrie, 1960) 
were used to explain the significant differences (Table 5). Perhaps the 
simplest way of looking at these differences in Table 5 is to compare 
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Table 4. Analysis of variance for differences in survival of 
Palaemonetes vulgaris larvae through metamorphosis 
under different conditions of temperature and salinity. 
Source Degrees 
of of 
Variation Freedom Sum of Squares Mean Sguare 
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F 
Temperature 2 4912.0345 2456.0172 17.8613** 
Salinity 5 21212.5667 4242.5133 30.8535** 
Temp. X salinity 10 3842.1588 384.2158 2.7941 
Error 36 4950.1734 137.5048 
Total 53 34916.9334 
'I 
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30C 
Exoerimental 
condition 
5~ 
Mean (of 0 
transformed 
% survival) 
Table 5. Summary of Student-Newman-Keuls 1 multiple range tests to explain differences in survival of 
Palaemonetes vulgaris larvae at different temperature and salinity conditions. (Means not 
underscored by the same line are significahtly different at the 1% level). 
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survival in each salinity under each of the different temperatures, as is 
shown graphically in Fig. 72. Thus, between 20 and 25 C there were signifi-
cant differences in survival only in 5 and 30 o/oo salinity. Survival at 
25 C, 5 o/oo was significantly greater than that at 20 C, 5 0/00, while at 
20 C, 30 o/oo survival was significantly greater than at 25 C, 30 0/00. 
Comparing 20 and 30 C, survival at 20 C was significantly greater than 
that at 30 C in 10, 15 and 25 0/00. Finally, comparing 25 and 30 C, sur-
vival at 25 C was significantly greater than that at 30 C in 5, 10, 15 
and 25 o/oo salinity. Highest overall percentage survival (88.9%) occur-
red at the combination 20 C, 20 o/oo (Table 5, Fig. 72). 
Rate of Development 
The effects of temperature and salinity (excluding 5 0/00) on the 
rate of larval development are shown in Fig. 73. The effect of tempera-
ture was pronounced; development at 20 C was much slower than at 25 or 30 C. 
Mean duration of development (days)± one standard deviation was 30.2 ± 3.8 
(range, 23 to 39) at 20 C, 16.6 ± 2.7 (range, 14 to 25) at 25 C, and 15.7 
± 1.8 (range, 13 to 21) at 30 C. Salinity influenced the rate of develop-
ment much less than did temperature. Survival in 5 o/oo salinity occurred 
only at 25 C, where the larvae in 5 o/oo generally required about 1 to 4 
more days to pass a given stage than did larvae in higher salinities at 
the same temperature. Development in 10 o/oo also tended to be slightly 
slower than in higher salinities, regardless of the temperature (Fig. 73). 
There was little apparent difference among developmental rates in 15 to 
30 0/00. In general, a Q10 of about 1.8 was typical of larval develop-
ment (Table 6). 
Mean duration of instars (Table 7) was inversely related to tempera-
ture, reflecting developmental rate. Duration of successive instars 
tended to increase slightly at 20 C. The second instar was markedly short 
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Fig. 72. Comparison of survival to postlarvae for Palaemonetes 
vulgaris zoeae reared at different temperatures and 
salinities. 
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Fig. 73. Mean± one standard deviation and range of days required 
for Palaemonetes vulgaris larvae to reach the postlarval 
stage at different temperatures and salinities (5 o/oo 
excluded) (numbers at lower ends of range lines indicate 
the number of animals which reached the postlarval stage 
at each temperature-salinity combination). 
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Table 6. q10 values* for larval development of Palaemonetes 
vulgaris at different salinities. 
Salinity (o/oo) 
Molt 10 15 20 25 
Z I - Z II 1.33 1.33 1.33 1.33 
z II - Z III 1.88 1.75 1.75 1.75 
z III - Z IV 1.83 1.91 1.95 1.93 
z IV - Z V 1.84 1.83 1.84 1.84 
Z V - Z VI 1.84 1.84 1.81 1.82 
Z VI - Z VII 1.91 1.82 1.83 1.84 
Z VIII - PL 1.84 1.93 1.89 
Z VII - Z VIII 1.90 1. 78 1.84 1.86 
Z VIII -PL L73 1.78 1.78 
Z VIII - Z IX 1.92 1.83 1.83 1.89 
z IX - PL 2.04 1.83 1.81 1.92 
z IX - Z X 1.92 1.83 1.87 1.85 
Z X - Z XI 1.95 1. 73 1.89 1.84 
*Q • Mean time to each molt at 20°C 
lO Mean time to each molt at 30°C 
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1.33 
1.75 
1.93 
1.86 
1.85 
1.84 
1.66 
1.84 
1. 73 
1.85 
1.76 
1.84 
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Table 7. Mean duration (days) of Palaemonetes vulgaris larval 
instars at different temperatures. Final instar treated 
separately. 
Temperature (OC) 
Instar 20 25 30 
I 3.0 .. 2.0 2.0 
II 3.1 1.4 1.0 
III 3.1 2.0 1.2 
IV 3.2 2.0 1.9 
V 3.5 2.1 1.9 
VI 3.8 2.1 2.0 
VII 3.9 2.1 2.0 
VIII 3.5 2.4 2.0 
IX 3.7 2.2* 1.8* 
X 4* 2* 
XI 2* 
Final 5.0 3.3 2.9 
*Based on five or fewer larvae 
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at 25 and 30 C, and the final instar was of longest duration at all temp-
eratures. Overall mean instar duration (days)± one sta.ndard deviation 
for animals which completed development was 3.6 ± 0.8 (range, 3 to 7) at 
20 C, 2.2 ± 0.7 (range, 1 to 7) at 25 C, and 1.9 ± 0.6 (range, 1 to 4) at 
30 c. 
Variation in Number of Instars 
Most larvae metamorphosed at the 7th, 8th or 9th molt, but there was 
much variation in number of instars. ~etamorphosis occurred at the 5th 
through the 12th molts, and one zoea passed through 12 zoeal instars but 
never reached the postlarval stage. 
The effects of temperature and salinity (excluding 5 o/oo because 
only two postlarvae were obtained there) on the number of larval stages 
are shown in Figs. 74 and 75. Sample sizes were unequal, so an approxi-
mate method, the analysis of unweighted means (Snedecor, 1956) was employed 
to indicate significant effects (Table 8). The effect of salinity was not 
significant, although there appeared to be a slight tendency for fewer 
instars in 15 o/oo than in other salinities. The temperature-salinity 
interaction also was not significant. However, the influence of tempera-
ture was significant at the 1% level, and mean numbers of instars ± one 
standard deviation were 8.5 11.0, 7.8 ± 1.1 and 8.4 ± 1.0 at 20, 25 and 
30 C, respectively. A multiple mean test showed no difference between 
the mean numbers of larval instars passed at 20 and 30 C but indicated 
that animals reared at 25 C passed through significantly fewer instars in 
larval development. 
Discussion 
Few previous studies have been concerned with the effects of tempera-
and/or salinity on Palaemonetes larvae. Sollaud (1919) reared larvae of 
P. varians microgenitor in the laboratory and found, as I did for P. 
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Fig. 74. Percentage of Palaemonetes vulgaris larvae molting to the 
postlarval stage at each molt under different conditions of 
temperature and salinity. 
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Fig. 75. Percentage of Palaemonetes vulgaris larvae molting to the 
postlarval stage at each molt under different temperatures. 
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Table 8. Sunnnary of analysis of variance for differences in 
number of larval molts for Palaemonetes vulgaris 
larvae at different temperatures and salinities. 
Source Degrees 
of of 
Variation Freedom Sum of Sguares Mean Sguare 
Total 14 4.0364 
Temperature 2 2 .2770 1.1385 
Salinity 4 0.5398 0.1349 
Temp. X salinity 8 1.2196 0.1524 
Error 167: 0.1054 
235 
F 
10.8017** 
l.2798n.s. 
l.4459n.s. 
See Snedecor (1956 p. 385) for computation of the error mean square in 
the method of unweighted means 
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vulgarisj that development was retarded at low temperatures and in low 
salinities and that more instars were passed at low than at moderate temp-
eratures. According to Broad and Hubschman (1962), development of larvae 
of P. intermedius, !• pugio and!• vulgaris was unaffected by salinity 
above 20 0/00, but below 10 o/oo survival was poor. In the present study, 
survival in 5 o/oo was very poor, but in salinities of 10 to 30 o/oo at 
low to moderate temperatures (20 to 25 C), survival was high. More recently, 
Knowlton (1970a) conducted a factorial experiment similar to mine, but he 
used only five larvae in each temperature-salinity combination and his 
results were limited, as he pointed out. Knowlton (1970a) found that at 
20 and 25 CR_. vulgaris larvae seemed to tolerate the entire range of 
salinity tested (15 to 35 0/00) equally well, with highest survival among 
larvae reared at 25 C. Lowest survival occurred among larvae reared at 
30 C, where no larvae exposed to the low salinities (15 and 20 0/00) com-
pleted development. The results of the present study were fairly similar, 
except that some larvae survived through metamorphosis at 30 C in all 
salinities but 5 0/00. However, Knowlton's (1970a) values for mean dura-
tion of larval life (37.3 ± 2.0 days at 20 C, 30.7 ± 2.0 days at 25 C, 
and 31.1 ± 4.3 days at 30 C) were considerably greater than corresponding 
values in the present study (30.2 ± 3.8 days, 16.6 ± 2.7 days, and 15.7 
± 1.8 days, respectively). Similarly, his values for mean instar duration 
were greater than the values determined here. 
The number of larval instars varied from eight to 16 in Knowlton's 
(1970a) study, while in the present study the observed range was five to 
12. Knowlton (1965, 1970a) also found that the number of larval instars 
increased with increasing temperature. In contrast, larvae in my study 
passed through fewer instars at the moderate temperature (25 C) than at 
higher or lower temperatures, and at each temperature larvae required 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
237 
fewer molts to reach the postlarval stage in my study than in Knowlton's 
(1970a). Similarly, Ewald (1969) found that Tozeuma carolinense larvae 
passed through fewer instars at 25 C than at 15 and 20 C. He also reported 
that there were marked differences in numbers of instars among Tozeuma 
larvae from different populations. Perhaps a similar effect was partially 
responsible for differences between the numbers of P. vulgaris larval 
instars observed by Knowlton (1970a) and by me. 
The final zoeal instar was of greater duration than the other instars 
in both Knowlton's (1970a) study and in mine, but the reason for the delay 
of this molt is not known. However, Hubschman (1963) reported that the 
X organ-sinus gland complex does not become functional as the primary molt 
regulator in Palaemonetes until after metamorphosis. He suggested that 
perhaps the rapid larval molting cycle was under the hormonal control of 
some type of larval molting gland, the existence of which remains specu-
lative. The longer duration of the final zoeal instar thus may reflect 
transfer of control over molting from some unknown larval molt-regulating 
mechanism to the X organ-sinus gland complex, or breakdown of the larval 
regulatory mechanism prior to assumption of molt-regulating function by 
the X organ-sinus gland complex, and/or other internal reorganization 
prior to metamorphosis. 
Because of the characteristic variability of temperature and salinity 
in estuaries, success of a particular species may depend on the ability 
of the larvae to survive frequent exposure to sub-optimal temperature-
salinity conditions, to settle and/or metamorphose only under those condi-
tions which are suitable for the survival of the adult form, and to remain 
within, be carried into, or return to a given area to replenish the parental 
population. The number of larval instars may also be important, since 
ecdyses are critical periods in larval life, and highest mortality of 
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cultured decapod larvae often occurs then (Ong, 1966; Knowlton, 1970a; 
Roberts, 1971a). Reduction of the number of pre-metamorphic molts may 
thus increase larval survival. So, considering survival, rate of develop-
ment and number of instars, it appears that optimal conditions for lar-
val development of P. vulgaris occur at a moderate temperature of about 
25 C in salinities of 10 to 30 0/00. Knowlton (1970a) also concluded that 
a temperature of 25 C was optimal over the salinity range tested (15 to 
35 0/00) in his experiment. 
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IV. DISTRIBUTION AND ABUNDANCE OF DECAPOD LARVAE IN THE YORK RIVER 
ESTUARY AND ADJACENT LOWER CHESAPEAKE BAY, VIRGINIA, 1968-1969 
Introduction 
Decapod crustacean larvae are seasonally abundant in virtually all 
estuaries, but their distributional biology in such areas has been little 
studied. Only Pinschmidt (1963) has analyzed quantitatively the distri-
bution and abundance of several species of decapod larvae throughout an 
entire estuary during a complete annual cycle. A few other authors have 
investigated estuarine populations of decapod larvae in much less detail. 
Fish (1925) recorded the periods of occurrence of a number of species of 
decapod larvae at Woods Hole, and Deevey (1960) noted the presence of 
several species in Delaware Bay. Hillman (1964) identified larvae of 
12 species and three additional genera in weekly samples taken over an 
eight-month period (May to December) in Narrangansett Bay, Rhode Island. 
In Florida, Tagatz (1968) recorded the occurrence and abundance of a 
number of genera and species of crab larvae in the St. Johns River. 
Williams (1971) discussed the distribution of zoeae and megalopae of 
Rhithropanopeus harrisii and megalopae of Callinectes spp. and Hexapanopeus 
angustifrons taken in the Neuse and Pamlico rivers, North Carolina, dur-
ing a ten-year study. Finally, Dudley and Judy (1971) identified 19 
genera and species plus one additional family of crab larvae from 13 
stations in the ocean just outside Beaufort Inlet, North Carolina. 
To date, the primary difficulty in carrying out studies of decapod 
larval distribution has been the lack of taxonomic tools necessary for 
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reliable identification of larvae. This problem, however, has now 
been largely overcome for Chesapeake Bay (Part I) and my objective in 
the present portion of this study was to determine the distribution 
and abundance of decapod larvae in the York River system and adjacent 
Chesapeake Bay area. 
Materials and Methods 
240 
With a few exceptions, the plankton samples analyzed in this study 
were collected by Dr. V. G. Burrell in his study of the calanoid copepods 
of the York River-lower Chesapeake Bay region. Since a detailed discus-
sion of the sampling area, procedures and hydrographic data is given by 
him (1972), these subjects will be treated only briefly here. 
Area 
The York River is a short, more or less straight stream formed 
by the confluence of the Pamunkey and Mattaponi rivers at West Point, 
Virginia, and terminates at Tues Marsh where it drains into Chesapeake 
Bay. My survey embraced the entire estuarine salinity gradient from 
essentially euhaline conditions at the junction of Thimble Shoals 
Channel and Chesapeake Channel in the mouth of Chesapeake Bay to fresh-
water conditions approximately 80 miles upstream at Lester Manor on the 
Pamunkey River. The smaller of the York's primary tributaries, the 
Mattaponi, was not included in this investigation. 
According to Brehmer (1970), the York River apparently is the 
least polluted of the Chesapeake Bay's major tributaries, but waste 
from a paper mill at West Point and cooling water from an electricity 
generating plant at Yorktown are dumped into the river. Also, an 
oil refinery at Yorktown is the source of occasional oil spills, and 
wastes from agricultural operations, construction and other of man's 
activities may enter the river via runoff. 
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Sampling 
Eight stations in the York and Pamunkey rivers were occupied 
monthly from January 1968 through December 1969. Four stations in 
the adjacent Chesapeake Bay also were sampled during 1968 and 1969, 
but the most seaward station (AOS) was not occupied during the first 
five months of the study. Station locations were as follows (see 
also Fig. 76). 
Designation 
AOS 
N Latitude W Longitude 
36° 56' 75° 55' 
37° 04' 76° 04' 
37° 10 1 76° 14' 
37° 15 1 76° 23' 
37° 19 1 76° 36' 
37° 23 1 76° 39' 
37° 26' 76° 42' 
Description 
Junction of Chesapeake and 
Thimble Shoals Channels 
Mouth of Chesapeake Bay 
York River Entrance Channel 
Mouth of York River 
York River, Pages Rock 
York River, Capahosic 
York River, Poropotank 
241 
coo 
ClO 
YOO 
YlO 
Y15 
Y20 
Y25 
P30 
P35 
P40 
PSO 
37° 29 1 76° 45 1 
37° 33' 76° SO' 
37° 33 1 76° 52 1 
37° 33' 76° 53' 
37° 35' 76° 59' 
York River, Bell Rock 
Pamunkey River, Eltham Marsh 
Pamunkey River~ Lee Marsh 
Pamunkey River, White Oak 
Pamunkey River, Lester Manor 
At each station temperature, salinity and dissolved oxygen con-
centration were determined for the water at one meter below the sur-
face and at one meter above the bottom. Hereafter these two depths are 
referred to as surface and bottom, respectively. Surface water samples 
were obtained with a pump, and bottom samples were taken with a Kemmerer 
bottle. Temperature was measured with a stem thermometer. Samples for 
salinity and dissolved oxygen determinations were returned to the labora-
tory, where salinity was measured with an induction salinometer (RS 7A) 
R
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Fig. 76. Locations of regular plankton sampling stations. 
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and dissolved oxygen concentration was determined with a modified Winkler 
titration. A Secchi disk was used on station to estimate light attenua-
tion, and sea conditions, tide stage, cloud cover and precipitation also 
were recorded. 
Plankton samples were collected routinely with a five-inch diameter 
Clarke-Bumpus Quantitative Plankton Sampler equipped with a #6 Nitex net 
(0.239 mm mesh aperture) and towed just below the surface and at one 
meter above the bottom. Tows were generally of five-minutes duration, 
but clogging and towing area often required that they be shortened. 
During the warmer months of 1969, supplemental plankton samples 
were often taken at stations AOS to YOO with paired BCF Bongo samplers. 
These samples were analyzed primarily to determine if there were any 
rare decapod larvae which had not been collected by the Clarke-Bumpus 
sampler. In addition, Bongo samples taken during the summers of 1969 
and 1970 by the Institute's Crustaceology Department (with Sea Grant 
support) were made available to me. These samples were taken at four 
stations along each of two transects across the lower bay and along one 
transect just outside the Capes. 
A 24-hour station was made at station YlO in June 1969. Surface 
and bottom plankton samples and hydrographic data were collected at 
approximately the times of slack water and maximum current in daylight 
and darkness. Tows were made in both upstream and downstream directions 
to minimize the influence of currents. 
Laboratory 
Usually all larvae were removed from Clarke-Bumpus samples; these 
samples were subdivided only when they represented >1500 to 2000 liters 
of water filtered and when larvae were extremely abundant. For sorting, 
a few ml of sample at a time were scanned under a binocular dissecting 
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microscope, and all larvae were removed with a small wire loop. In the 
case of the Bongo samples from stations A05 to YOO, the entire samples 
were first scanned under a dissecting microscope, and rare forms were 
removed. Then the sample usually was subdivided, and all larvae were 
removed from 1/2, 1/4 or 1/8 of the sample. Treatment of the Crusta-
ceology Department's Bongo samples was limited simply to scanning for 
rare forms. All sample splits were made with a new type of plankton 
splitter (Burrell, Van Engel and Hummel, in preparation). 
After they were sorted from the samples, one to several larvae at 
a time were placed in a few drops of water on a depression slide and 
identified under a compound microscope. Larvae were identified to genus 
or species and stage where possible. 
Results 
Hydrography of the Pamunkey-York-Chesapeake Bay Estuary 
This topic has been treated in detail by Burrell (1972) and will be 
discussed only briefly here. Hydrographic data for each station are in-
cluded in Appendix B, and salinity and temperature information is sum-
marized in Table 9. 
Salinity 
From an examination of the means and ranges of salinity at each 
station (Table 9), it is apparent that under the Venice System (Carriker, 
1967) the stations may be classified as follows: AOS - essentially eu-
haline; COO, ClO, YOO and YlO - polyhaline; Yl5, Y20, Y25 and P30 -
mesohaline; P35 and P40 - oligohaline; PSO - freshwater. 
Temperature 
Seasonal temperature changes were less marked at the seaward stations 
than at the river stations, and bottom temperatures exhibited less varia-
tion than did surface. The minimum temperature observed, 1.0 C, occurred 
R
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Table 9. Mean and range of surface and bottom salinity and range of temperature at each station 
SURFACE BOTTOM 
Saliniti: (o/oo~ Temperature (C) Saliniti: (o/oo) Temperature (C) 
Station Mean Range Range Mean Range Range 
A05 27.09 21.81-31. 73 3.9-25.8 31.04 29.50-32.34 3.3-23.9 
coo 25.38 20.30-29.78 2.5-27.9 28.41 23 • 85-31. 24 1.5-26.2 
ClO 21. 73 18.10-24.25 2.7-27.6 24.55 20.50-28.14 1. 7-27 .6 
YOO 20.69 15.27-23.20 1. 7-28.1 22.50 19.56-25.53 1.5-26.8 
YlO 17.92 12.54-20.77 1.0-28.3 20.04 15.49-22.90 1.5-27 .3 
Yl5 15.68 8.02-19.40 1.7-28.9 18.43 14 .11-21.17 1.5-28 .1 
Y20 13.76 6.52-18.60 1.6-29.2 15.73 11.02-19.05 1.3-28.5 
Y25 11.93 4.88-16.90 1.6-29.6 13.79 7.26-17.78 1.2-28.8 
P30 7.66 0.38-11.94 2.8-29.2 9.39 0.66-15.22 1.9-28.7 
P35 3.56 0.11- 8.00 2.3-29.4 3.96 0.11- 8.80 2.7-28.9 
P40 1.01 0.06- 3.72 2.2-30.l 1.09 0.09- 4.16 2.8-29.0 
Is,) 
F50 0.19 0.06- 0.91 1.8-30.8 0.23 0.06- 1.09 2.2-29.7 .i:--V1 
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at YlO in January 1968, and the maximum temperature, 30.8 c, was recorded 
at PSO in July 1968. 
Dissolved Oxygen 
Higher dissolved oxygen concentrations were observed for the bay 
stations than for the river stations during spring and summer. The rea-
son for this difference is not clear, but variations in phytoplankton 
activity may have been partially responsible. Within the river system, 
a definite depression of dissolved oxygen concentration was noted in 
nearly every month at station P30. This depression presumably was as-
sociated with a high biochemical oxygen demand of the paper mill efflu-
ent which enters the river near P30. 
Data concerning light penetration, sea conditions and tide stage at 
times of sampling are given for each sample in Appendix B. 
Distribution and Abundance of Larvae 
General 
Specimens representing 36 different larval forms and one postlarva 
of an additional genus were identified to genus or species during the 
present study. Collections from stations AOS and COO were the most 
diverse, including representatives of 28 and 29 species, respectively. 
The number of species represented in the collections decreased progres-
sively in a more or less linear fashion with stations upriver to a mini-
mum of two (excluding probable contaminant) at PSO (Fig. 77). Mean sur-
face and bottom salinities also decreased more or less linearly with 
stations upriver (Fig. 77), suggesting a direct relationship between 
number of species of decapod larvae and salinity within the estuary. 
Decapod larvae were least abundant (zero to few/1000 liters) from 
November to February at stations A05 to YOO (Figs. 78, 79, 80, 81), but 
some larvae were present at these stations during nearly every month of 
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Fig. 77. Comparison of number of species of decapod larvae and 
mean surface and bottom salinity at each station. 
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Fig. 78. Total abundance (no./1000 liters) of decapod larvae with 
months at station AOS (Because of limitations of scale 
zero values are plotted as 0.1). 
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Fig. 79. Total abundance (no./1000 liters) of decapod larvae with 
months at station COO (Because of limitations of scale 
zero values are plotted as 0.1). 
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Fig. 80. Total abundance (no./1000 liters) of decapod larvae with 
months at station ClO (Because of limitations of scale 
zero values are plotted as 0.1). (Break in curve··signifies 
no data). 
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Fig. 81. Total abundance (no./1000 liters) of decapod larvae with 
months at station YOO (Because of limitations of scale 
zero values are plotted as 0.1). 
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the two-year study. At these bay stations, larvae were generally abun-
dant from late winter-spring to early fall, and two separate maxima, 
one in spring and another in summer, could be distinguished at some 
stations. A single species, Crangon septemspinosa, accounted almost 
entirely for the abundance of larvae in late winter and spring, although 
a few Pagurus and Cancer larvae also were occasionally present then. 
It is of special interest to note that the abundance of .f_. septemspinosa 
larvae during spring is of about the same order of magnitude as the abun-
dance of larvae of nearly all other species and genera combined during 
the summer. 
Within the York River, the spring abundance of larvae (i.e., .f_. 
septemspinosa) decreased progressively upriver until it virtually dis-
appeared at Y25 (Figs. 82, 83, 84, 85). The total time that larvae 
were present in the plankton also decreased until they appeared at 
Y25 only from March to October or November. However, the summer peaks 
of abundance remained at about the same order of magnitude as at the 
bay stations. 
In the Pamunkey River, decapod larvae were present only in summer, 
from June to September or October (Figs. 86, 87, 88, 89). However, due 
to large numbers of Uca larvae, peak abundance at stations P30 to P40 
was generally somewhat higher than peak numbers elsewhere. Numbers of 
larvae were relatively low at P50 because of the freshwater effect. 
Although some striking differences between surface and bottom con-
centrations of larvae were observed, no consistent pattern of differences 
was noted for all stations. Often concentrations of larvae at the two 
levels were similar, but at the low salinity stations (P35, P40, P50) 
higher concentrations were observed in the bottom samples. 
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Fig. 82. Total abundance (no./1000 liters) of decapod larvae with 
months at station YlO (Because of limitations of scale 
zero values are plotted as 0.1). 
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Fig. 83. Total abundance (no./1000 liters) of decapod larvae with 
months at station Y15 (Because of limitations of scale 
zero values are plotted as 0.1). 
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Fig. 84. Total abundance (no./1000 liters) of decapod larvae with 
months at station Y20 (Because of limitations of scale 
zero values are plotted as 0.1). 
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Fig. 85. Total abundance (no./1000 liters) of decapod larvae with 
months at station Y25 (Because of limitations of scale 
zero values are plotted as 0.1). (Break in curve signifies 
no data). 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station Y25 
1000.0 
400.0j 
300.0 
200.0 
I 00.0 I 
40.0 
30.0 
20.0 
en 
I-
(!) 
-·- I 0.0. 
-
0 
0 
0 4.0 
-
...... 3.0 (!) 
C 
> 2.0 
I-
0 
..J 
'+- 1.0 
0 
I-
(!) 
.Q 0.4 E 
0.3 :J z 
-
0.2 
0 
-0 
I- 0.1 
J F M A M J 
[ 
I 
I 
I 
I 
/" 
/ ' 
' 
____ Surface 
_____ Bott om 
/" / \ 
/ 
I \ 
I \ 
If\ \ 
\ 
\ 
I 
\ 
\ 
I\ 
I\ 
r 
~ 
~ 
~ 
~ 
~ 
1\ 
J A S O N D J F M A M J J A S O N D 
1968 1969 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
257 
Fig. 86. Total abundance (no./1000 liters) of decapod larvae with 
months at station P30 (Because of limitations of scale 
zero values are plotted as 0.1). 
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Fig. 87. Total abundance (no./1000 liters) of decapod larvae with 
months at station P35 (Because of limitations of scale 
zero values are plotted as 0.1). 
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Fig. 88. Total abundance (no./1000 liters) of decapod larvae with 
months at station P40 (Because of limitations of scale 
zero values are plotted as 0.1). 
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Fig. 89. Total abundance (no./1000 liters) of decapod larvae with 
months at station P50 (Because of limitations of scale 
zero values are plotted as 0.1). 
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Species Studied 
Lucifer faxoni Borradaile 
Larvae and postlarve (to adults) of this species were taken in 
Chesapeake Bay plankton samples on several occasions but were never 
common. Observed concentrations of larvae ranged to 1.92/1000 liters, 
while concentrations of postlarvae reached 5.03/1000 liters (Appendix B). 
Larvae were restricted to the bay stations (A05 to ClO), but postlarvae 
were occasionally taken in the lower ¥ark River to YlO (Appendix B). 
Both larvae and postlarvae appeared in the bey only in fall (September 
to November). Since no early protozoeal stages were collected (Appendix 
C), it appears likely that the larvae hatched offshore and moved into 
the bay as later stages during early fall. Although too few specimens 
were taken to allow a detailed analysis of their distribution in rela-
tion to environmental conditions, it may be noted that most larvae and 
postlarvae were taken in salinities >25 o/oo and at temperatures of 13 
to 24 C. However, larvae were taken over salinity and temperature ranges 
of 21.35 to 31.78 o/oo and 13.6 to 26.9 C, respectively, and postlarvae 
were taken over ranges of 18.95 to 31.78 o/oo and 10.4 to 24.8 C. Also, 
more specimens (larvae and postlarvae) were collected in bottom than in 
surface samples. 
Elsewhere, Cronin, Daiber and Hulbert (1962) recorded occasional 
specimens of Lucifer in the Delaware River estuary in summer, and Sutcliffe 
(1950) collected L. faxoni twice during his study of the surface zoo-
plankton at Beaufort, North Carolina. Williams (1965) reported that the 
species had been collected from February to October near Beaufort, and 
Swingle (1971) found L. faxoni in Mobile Bay and Perdido Bay, Alabama, 
from spring to fall. 
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Penaeus spp. 
No larvae of this genus were taken within the Chesapeake Bay, but 
one early postlarval.Penaeus was taken in a surface sample at COO in 
September 1968. Temperature and salinity conditions at the collection 
site were 23.8 C and 25.60 0/00, respectively. 
Alpheus normanni Kingsley 
A. normarmi larvae were uncommonly collected at all three bay 
stations in concentrations to 5.74/1000 liters (Appendix B), but none 
were taken at any river stations. The larvae were captured over a sali-
nity range of 21.35 to 25.77 o/oo and a temperature range of 25.3 to 
26.9 C. All samples containing!;_. normanni larvae were surface samples 
and all but one, a September sample, were taken in August. Only zoeal 
stages II, III and IV were collected (Appendix C) and far too infrequently 
to allow further discussion of their occurrence in relation to environmen-
tal factors. 
Elsewhere, Knowlton (1970a) found larval Alpheus sp. commonly from 
May to November over a wid~ temperature range (13 to 30 C). The larvae 
were not seen 1n abundance in salinities< 20 0/00. 
Alpheus sp. ("heterochaelis"?) 
Unknown alpheid larvae (see Part I for discussion of taxonomic con-
fusion surrounding specific identification of these larvae) were col-
lected twice, once each at stations COO (August) and ClO (July). These 
larvae occurred within salinity and temperature ranges of 22.04 to 
24.30 o/oo and 24.5 to 25.8 C, respectively. Only specimens of stages 
II and III were found (Appendix C). 
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Palaemonetes spp. 
Larvae belonging to the genus Palaemonetes were taken over a broad 
salinity range, 1.76 to 32.34 0/00, and at every sampling station except 
P50 (Appendix B). Although connnonly collected, these larvae were never 
abundant (maximum observed concentration, 21.28/1000 liters (Appendix B), 
Larvae were more often encountered at river stations than at bay stations 
and were most numerous at upper river stations (Y25 to P35), with peak 
abundance at P30 (Fig, 90). Van Engel and Joseph (1968) also connnonly 
found Palaemonetes larvae in these upriver areas. Larvae were most 
numerous in the salinity range 10 to 15 0/00, and relatively few larvae 
were taken in salinities >25 o/oo (Fig. 91). Palaemonetes larvae occurred 
in the plankton from June to October and were most numerous in July (Fig. 
92). The range of temperature over which the larvae were collected was 
20.1 to 29.4 C, with greatest numbers taken between 24 and 29 C. A dis-
tinct peak of abundance occurred at 26 to 27 C (Fig. 93). These results 
generally agree with laboratory studies (Part III) in which optimal con-
ditions for larval development of R_. vulgaris occurred at a temperature 
of about 25 Cover a wide salinity range (10 to 30 0/00). 
Seven zoeal stages were identified in both surface and bottom samples, 
and the relative abundance of these stages is shown in Fig. 94. Only the 
first three stages were commonly collected. All stages were more than 
twice as numerous in bottom samples than in surface collections (Appendix 
C, Fig. 95). Overall, 79.3% of the Palaemonetes larvae collected were 
taken in bottom samples. 
In other areas several authors have noted the occurrence of Palaemonetes 
larvae. Fish (1925) found Palaemonetes larvae at Woods Hole from June to 
September with maximum abundance in July and August. Deevey (1960) recorded 
Palaemonetes larvae in Delaware Bay from June to September. Herman, Mihursky 
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Fig. 90. Abundance of Palaemonetes larvae with station (data for 
1968 and 1969 combined). 
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Fig. 91. Abundance of Palaemonetes larvae with salinity (data for 
1968 and 1969 combined and plotted at mid-points of class 
intervals). 
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Fig. 92. Abundance of Palaemonetes larvae with months (data for 
1968 and 1969 combined). 
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lis.• 93. Abundance of Palaemonetes larvae with temperature (data for 
1968 and 1969 combined and plotted at mid-points of class 
intervals). 
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Fig. 94. Relative abundance of larval stages of Palaemonetes (data 
for 1968 and 1969 combined). 
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Fig. 95. Relative abundance of zoeal stages of Palaemonetes with 
depth (S = surface; B = bottom) (data for 1968 and 1369 
combined). 
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and McErlean (1968) collected P. pugio larvae in the Patuxent River es-
tuary from May to early fall, with peak abundance during July and August. 
Williams and Deubler (1968) found larvae of the genus to be abundant in 
the Pamlico and Neuse rivers, North Carolina, from May and June to October. 
Also in North Carolina, Knowlton (1970a) collected Palaemonetes larvae from 
May to November over a wide temperature range (13 to 30 C). The larvae 
were uncommon in salinities .:::: 10 o/ oo. 
Ogyrides limicola Williams 
Larvae of this species were commonly collected at all York River 
stations and once at P35, with peak numbers at Y15 (Fig. 96). In addition, 
a single specimen was taken at station ClO in a supplemental Bongo sample 
(Appendix D). Observed concentrations of these larvae ranged to 37.50/ 
1000 liters (Appendix B). Larvae were collected over a salinity range 
of 5.14 to 24.99 o/oo (excluding the record at ClO), and nearly all speci-
mens were taken in waters of 15 to 25 o/oo salinity (Fig. 97). Peak 
periods of abundance occurred in July and September, but larvae were found 
in the plankton from May to November (Fig. 98), Most o. limicola larvae 
were collected at temperatures between 23 and 27 C (Fig. 99); however, 
the complete range over which larvae were encountered was considerably 
broader, 11.0 to 28.5 C. Peak abund~nce with temperature occurred at 
26 to 27 C, and<l% of the larvae were taken at temperatures<19 C (Fig. 99). 
Eight zoeal stages were distinguished in the plankton collections 
(Appendix C). Stage I zoeae were most numerous overall, but stages II, 
III, IV and VIII also were collected fairly cormnonly (Fig. 100). All 
zoeal stages were much more abundant in bottom than in surface samples 
(Fig. 101) and 85.9% of all larvae were taken in bottom samples. 
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Fig. 96. Abundance of Ogyrides limicola larvae with station (data 
for 1968 and 1969 combined). 
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Fig. 97. Abundance of Ogyrides limicola larvae with salinity (oata 
for 1968 and 1969 combined and plotted at mid-points of 
class intervals). 
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Fig. 98. Abundance of Ogyrides limicola larvae with months (data 
for 1968 and 1969 combined). 
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Fig. 99. Abundance of Ogyrides limicola larvae with temperature 
(data for 1968 and 1969 combined and plotted at mid-poir.ts 
of class intervals). 
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Fig. 100. Relative abundance of zoeal stages of Ogyrides limicola 
(data for 1968 and 1969 combined). 
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Fig. 101. Relative abundance of zoeal stages of Ogyrides limicola 
~ith depth (S = surface; B = bottom) (data for 1968 and 
1969 combined). 
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Hippolyte pleuracantha (Stimpson) 
Larvae of!!• pleuracantha were common but never abundant (concentra-
tions to 18.36/1000 liters) in the lower York River and bay (Appendix B). 
Larvae were found at stations A05 to Y15 and at Y25 but exhibited a dis-
tinct peak of abundance at YOO (Fig. 102). The salinity range over 
which H. pleuracantha larvae were collected was 15.41 to 31.24 0/00, 
but most specimens were taken in waters of 20 to 25 o/oo salinity (Fig. 
103). Larvae were collected from May to November over a wide temperature 
range (13.6 to 28.1 C). Greatest numbers of larvae appeared in June, Sep-
tember and October (Fig. 104) and within the temperature range 19 to 27 C 
(Fig. 105). 
Eight zoeal stages were distinguished in the plankton (Appendix C), 
but stages I and II were much more commonly encountered than were later 
stages (Fig. 106). All stages except stage I were more abundant in bottom 
than in surface samples, and the proportion of the larvae in bottom col-
lections increased with larval age (Fig. 107). Of the total number of 
larvae collected, 64.8% were found in bottom collections. 
Elsewhere, Fish (1925) noted!!• zostericola (oH. pleuracantha?) in 
the Woods Hole plankton from July to December, Gurney (1936) collected 
!!• pleuracantha larvae in February and March in Bermuda, and Deevey (1960) 
questionably recorded Hippolyte sp. larvae from Delaware Bay in April. 
Crangon septemspinosa Say 
Larvae of this species were common to very abundant (maximum ob-
served concentration, 700.37/1000 liters) in plankton samples collected in 
this study. Specimens were found at all stations from A05 to Y25, and 
one specimen, perhaps a contaminant, was taken in a P40 sample (Appen-
dix B). However,£_. septemspinosa larvae were most abundant in the 
lower bay, with maximum numbers collected at station COO (Fig. 108). 
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Fig. 102. Abundance of Hippolyte pleuracantha larvae with station 
(data for 1968 and 1969 combined). 
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Fig. 103. Abundance of Hippolyte pleuracantha larvae with salinity 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 104. Abundance of Hippolyte pleuracantha larvae with months 
(data for 1968 and 1969 combined). 
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Fig. 105. Abundance of Hippolyte pleuracantha larvae with tempera-
ture (data for 1968 and 1969 combined and plotted at mid-
points of class intervals). 
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Fig. 106. Relative abundance of larval stages of Hippolyte 
pleuracantha (data for 1968 and 1969 combined). 
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Fig. 107. Relative abundance of larval stages of Hippolyte 
pleuracantha with depth (S = surface; B = Bottom) 
(data for 1968 and 1969 combined). 
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Few larvae (~2% of the total collected) were taken in the York River 
above YOO. The range of salinity over which the larvae were collected 
was 11.02 to 32.34 o/oo (e~luding the record at P40 where salinity was 
0.91 0/00). However, most larvae were taken at salinities within the 
range 20 to 30 0/00, with peak abundance at 20 to 25 o/oo (Fig. 109). 
Similarly, Regnault and Costlow (1970) found that salinities of 20 to 
30 o/oo were necessary for larval development in the laboratory. 
Unlike most other decapod larvae of the Chesapeake region which 
appear in the plankton only during the warm months of the year, some 
f• septemspinosa larvae were found during every month of the annual 
cycle when the two years' results are combined. However, few larvae 
were taken during summer, fall and early winter (Fig. 110), Most lar-
vae were found in the plankton between January and June, with maximum 
numbers in May, and they made up nearly the total concentration of decapod 
larvae taken within the bay during this period. The range of temperature 
over which f• septemspinosa larvae were collected was extremely broad, 
1.5 to 26.2 c, but larvae were most numerous at temperatures in the 
range 15 to 20 C (Fig. 111). In the laboratory, Regnault and Costlow 
(1970) determined that temperature of 15 to 20 C were satisfactory for 
larval development off_. septemspinosa, and they considered a temperature 
of about 20 C optimal. 
Both surface and bottom plankton collections contained specimens of 
all seven zoeal stages. As indicated in Fig. 112, about 60% of the larvae 
collected were stage I zoeae, and stages III to VII comprised only about 
15% of the total. Stage I zoea were more abundant at the surface than 
in bottom samples, while for stage IV larvae the proportions were re-
versed (Fig. 113). However, for the other stages there was little dif-
ference between surface and bottom numbers. Overall, 59.4% of the larvae 
were taken in surface samples. 
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Fig. 108. Abundance of Crangon septemspirtosa larvae with station 
(data for 1968 and 1969 combined). 
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Fig. 109. Abundance of Crangon .. septemspinosa larvae with salinity 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 110. Abundance of Crangon septemspinosa larvae with months 
(data for 1968 and 1969 combined). 
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Fig. 111. Abundance of Crangon septemspinosa larvae with temperature 
{data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 112. Relative abundance of larval stages of Crangon 
septemspinosa (data for 1968 and 1969 combined). 
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Fig. 113. Relative abundance of larval stages of Crangon 
septemspinosa with depth (S = surface; B = bottom) 
(data for 1968 and 1969 combined). 
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A number of other investigators have reported information concern-
ing the distribution and abundance of£· septemspinosa larvae in the 
plankton. Fish (1925) collected the larvae at Woods Hole from April to 
December and noted maximum abundance in June and July. Deevey (1960) 
recorded£· septemspinosa larvae from Delaware Bay during every month 
but January. In Narragansett Bay, Hillman (1964) found Crangon larvae 
from May to November, with greatest abundance duri~g spring and summer 
at his mid-bay station. Makarov (1967, 1969) reported£. septemspinosa 
larvae in the plankton of the western l{amchatka shelf during May or 
June, being most common inshore. Herman et al. (1968) found Crangon 
larvae in the Patuxent River estuary from May until early fall, with 
peak abundance in July and August. Considering the same area as the 
present study, Van Engel and Joseph (1968) reported that, "Crangonid 
larvae appeared first in Chesapeake Bay in February and moved into the 
lower York and remained until May." Their plankton data indicated abun-
dance of Crangon at the bay stations (COO and ClO) during March, April 
and May. Sandifer (1970, unpubl.) found Crangon larvae in the Cape 
Hatteras region more numerous inshore than offshore in November. Finally, 
Sage and Herman (1972) reported£· septemspinosa larvae present through-
out a one-year study of the zooplankton of the Sandy Hook area, with 
maximum abundance (51/m3) in mid-winter and low concentrations in summer. 
Callianassa sp. A(=£. major Say?) 
Larvae of Callianassa sp. A were never taken in the Clarke-Bumpus 
plankton collections but were occasionally found in Bongo samples, es-
pecially those of the Crustaceology Department from the lower bay. These 
latter samples were not treated quantitatively, but it was evident that 
Callianassa sp. A larvae appeared only rarely. Station ClO marked the 
deepest penetration of the estuary by larvae of this species. The larvae 
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occurred within salinity and temperature ranges of 2S.71 to 31.96 o/oo 
and 18.8 to 27.6 C, respectively. Four zoeal stages were collected 
from July to September; all specimens were from bottom samples. 
Callianassa sp. B (= f_. atlantica Rathbun?) 
Larvae of this form were taken occasionally in the Clarke-Bumpus 
and Bongo samples collected at COB, once at A05 and sparingly an the 
Crustaceology Department's Bongo samples, The species was recorded from 
salinities of 24.83 to 32.34 o/oo and at temperatures of 20.8 to 27.9 C. 
Where data were collected quantitatively (Appendix B), these larvae 
were recorded only in low numbers (to a maximum of 1.45/1000 liters). 
Larvae were present in the plankton from July to September and were 
most abundant in bottom collections. Two zoeal stages were distinguished 
among the planktonic specimens. 
Fish (1925) collected f_. atlantica (= f.• stimpsoni) larvae at Woods 
Hole from July until October. Elsewhere, Deevey (1960) found Callianassa 
sp. larvae (probably f_. atlantica) in Delaware Bay during January, March 
and July to October. 
Callianassa sp. C 
A single specimen of a large callianassid larvae (described in 
Part II) was collected in one of the Crustaceology Department's Bongo 
samples taken near the mouth of Chesapeake Bay (37°03' N, 75°53' W). 
The sample was taken near the bottom on 14 July 1969. Salinity at the 
collection site was 31.62 o/oo and temperature was 19.4 C. 
Upogebia affinis (Say) 
Larvae of this species were common to fairly abundant in the York 
River and bay samples, with observed concentrations reaching 46.90/1000 
liters (Appendix B). The larvae were collected at stations A05 to ¥20, 
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with one specimen recorded also from P30 and another from P40. The 
salinity range corresponding to these collections was 13.02 to 32.34 
o/oo (excluding the records at P30 and P40 where salinities were 0.38 
293 
and 0.91 0/00, respectively). U. affinis larvae were most numerous in 
the salinity ra,µg~ 15 to 25 o/oo and at stations ClO to YlO (Figs. 114, 
115). Specimens were found in the plankton from June to October, with 
peak numbers in July (Fig, 116). The temperature range corresponding 
to these collections was 19.8 to 28.9 C, and the larvae showed peak 
abundance at temperatures in the range 25 to 27 C, with only a few speci-
mens collected at temperatures <23 C (Fig. 117). 
Four zoeal stages of U. affinis were distinguished in the plankton 
collections. Of these, stage I zoeae comprised >70% of the total, 
while together stages III and IV made up only about 10% (Fig. 118). 
Stages I and III were somewhat more abundant in bottom than in surface 
collections, and nearly all stage IV larvae were captured near the bot-
tom (Fig. 119). However, stage II zoeae were equally abundant at both 
levels. Overall, 59,3% of the larvae were taken in bottom samples, 
A few investigators have noted Upogebia in the plankton elsewhere. 
Fish (1925) found the larvae at Woods Hole from July to October, with 
peak abundance in August. Deevey (1960) recorded Upogebia larvae from 
Delaware Bay in July, August and October. Williams (1965) noted juvenile 
Q., affinis from Aprml to October in Bogue Sound plankton samples. 
Naushonia crangonoides Kingsley 
Late larval stages of this species have been found in plankton col-
lections taken in Virginia coastal waters (W. A. Van Engel, personal 
communication), but no specimens have been recorded previously from with-
in the Chesapeake Bay. In the present study,!• crangonoides larvae 
were taken on four occasions in Bongo samples from the lower bay (COO, 
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Fig. 114. Abundance of Upogebia affinis larvae with salinity (data 
for 1968 and 1969 combined and plotted at mid-points of 
class intervals). 
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Fig. 115. Abundance of Upogebia affinis larvae with station (data 
for 1968 and 1969 combined). 
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Fig. 116. Abundance of Upogebia affinis larvae with months (data for 
1968 and 1969 combined). 
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Fig. 117. Abundance of Upogebia affinis larvae with temperature 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 118. Relative abundance of larval stages of Upogebia affinis 
(data for 1968 and 1969 combined)~ 
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Fig. 119. Relative abundance of larval stages of Upogebia affinis 
with depth (S = surface; B = bottom) (data for 1968 and 
1969 combined). 
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7 July 1969; 37°02'8"N/75°53'4"W, 14 August 1969; 36°52'1"N/75°55'7"W, 
14 August 1969; 36°57'3"N/76°05'8"W, 8 July 1970). One stage I larva 
was found in each of three of the samples, while the fourth contained 
two specimens, a stage I and a stage II. The presence of these early 
larval stages suggests a breeding population of!!_. crangonoides some-
where near the mouth of Chesapeake Bay. The larvae occurred in salin-
ities of 25.01 to 31.62 o/oo and at temperatures from 19.4 to 26.2 C. 
Elsewhere, Thompson (1903) found N. crangonoides larvae at Woods 
Hole in July and August; Fish (1925) collected them during July, 
August and Septerr~ber in the same area; Deevey (1960) found them in 
Delaware Bay during August, September and October; and Hillman (1964) 
collected the larvae in Narragansett Bay in August. 
Lepidopa websteri Benedict (?) 
Larvae identified as Lepidopa (probably!:• websteri) were occasion-
ally taken in the Crustaceology Department's Bong~ samples but were never 
observed in the Clarke-Bumpus samples. In addition, several records of 
Lepidopa larvae in samples from the Institute's offshore ichthyoplankton 
cruises of 1959-1962 were provided me by Mr. W. A. Van Engel. Collection 
lacations are shown in Fig. 120. Salinity and temperature ranges cor-
responding to these collections were 21.78 to 31.62 o/oo and 19.35 to 
27.0 C, respectively. Zoeal stages I to III were identified. 
Emerita talpoida (Say) 
Larvae of the sand crab, E. talpoida, were uncommonly taken in 
lower bay samples in concentrations to 2.93/1000 liters (Appendix B). 
Specimens were found only at stations A05 and COO in June, July and 
September within a salinity range of 28.20 to 32.34 o/oo and a tempera-
ture range of 20.8 bo 26.2 C (Appendices B, D). 
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Fig. 120. Collection locations for Lepidopa websteri {?) larvae 
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Several other authors have noted the occurence of Emerita larvae 
in plankton samples. At Woods Hole, Fish (1925) found larvae from 
July to September. Deevey (1960) collected!• talpoida larvae from 
Delaware Bay plankton in July, September and October. Pinschmidt 
(1963) occasionally collected!• talpoida larvae during May to August 
302 
at his most seaward station in the Newport River estuary. In Narragansett 
Bay, Hillman (1964) collected Emerita larvae once in July and once in 
August. Tagatz (1968) found Emerita larvae in very low concentrations 
in the lower St. Johns River during May, June and September. Also, 
Sandifer (1970, unpubl.) recorded Emerita larvae at four stations in 
the Cape Hatteras region during November. 
Pagurus longicarpus Say 
f• longicarpus larvae were fairly conunon in Chesapeake Bay plankton 
samples, but only in low concentrations (to 5.30/1000 liters) (Appendix 
B), Specimens were collected at all station from A05 to Y20 but were 
most abundant at the bay stations, with a strong peak at COO (Fig. 121). 
A salinity range of 17.26 to 32.34 o/oo corresponded to the collections, 
with most larvae occurring in salinities of 20 to 30 o/oo (Fig. 122). 
Similarly, Roberts (1971a) found a broad range of salinity, 18.0 to 
30.5 0/00, optimal for larval development in the laboratory, but he 
(1971b) also found that zoeae avoided water of salinity<20 o/oo in 
stratified water columns in the laberatory. 
A relatively wide temperature range (13.0 to 27.6 C) was tolerated 
by f• longicarpus larvae, and nearly as many larvae were taken at tem-
peratures in the lower half of the range as were collected in the upper 
half (Fig. 123). Larvae were found in the plankton from May to 
November, and abundance was similar and relatively high in all months 
except June and November (Fig. 124). 
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Fig. 121. Abundance of Pagurus longicarpus larvae with station (data 
for 1968 and 1969 combined). 
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Fig. 122. Abundance of Pagurus longicarpus larvae with salinity (data 
for 1968 and 1969 combined and plotted at mid-points of· 
class intervals). 
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Fig. 123. Abundance of Pagurus longicarpus larvae with temperature 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 124. Abundance of Pagurus longicarpus larvae with months (data 
for 1968 and 1969 combined). 
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All four zoeal stages were represented among specimens collected 
in both surface and bottom samples (Appendix C), and stage I larvae 
accounted for:;:::.55% of all the P. longicarpus larvae collected (Fig. 
125). Considering all the larvae, 82.2% were taken in bottom samples. 
This abundance at depth was true for each individual stage (Fig. 126). 
Occurrence of P. longicarpus larvae at stations Yl5 and Y20, the up-
stream limits of distribution, also was recorded only on the bottom. 
Apparently there are no other reports of the occurrence and dis-
tribution of P. longicarpus larvae in the plankton. However, Hillman 
(1964) found larvae of Pagurus spp. abundant (concentrations to 100/m3) 
in Narragansett Bay and recorded collections from June through September. 
Larvae of P. iongicarpus (as well as those of R_. acadianus, P. annulipes 
and P. pollicaris) may have been included under this generic designation. 
Pagurus pollicaris Say 
Larvae of this species were taken in Chesapeake Bay only on eight 
occasions in the Clarke-Bumpus net (maximum concentration, 3.60/1000 
liters) (Appendix B) and twice in the supplemental Bongo samples 
(Appendix D). Stations A05 and COO were the only stations at which P. 
pollicaris larvae were found, and the larvae were more abundant and more 
often encountered at A05. Ranges of temperature and salinity corre-
sponding to the collections were 19.4 to 27.9 C and 24.83 to 32.34 0/00, 
respectively. However, only one specimen was taken at temperature;:::,,24 C 
or in salinity..:::29 0/00. P. pollicaris larvae were collected from June 
to October and were most common in October. Only once was I=. pollicaris 
found in a surface sample; all other occurrences were recorded at the 
bottom. Zoeae of stages I and II only were found in the samples (Appen-
dix C). 
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Fig. 125. Relative abundance of larval stages of Pagurus longicarpus. 
(data for 1968 and 1969 combined). 
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Fig. 126. Relative abundance of larval stages of Pagurus longicarpus 
with depth (S = surface; B = bottom) (data for 1968 and 1969 
combined). 
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Euceramus praelongus Stimpson 
Larvae of E. praelongus were collected at stations A05 to Y20 in 
concentrations to 38.07/1000 liters (Appendix B). Most of the larvae 
were taken at the bay stations, with peak abundance at C00;<:5% of the 
total were collected at stations YlO to Y20 (Fig. 127). The salinity 
range over which larvae were encountered was 15.74 to 32.34 0/00, with 
larvae most numerous in salinities of 25 to 30 o/oo (Fig. 128). E. 
praelongus larvae occurred in the plankton from June to October at 
temperatures from 19.3 to 27.9 C, and one specimen, perhaps the result 
of sample contamination in the laboratory, was found in a bottom sample 
taken at A05 in January 1969. The temperature corresponding to this 
sample was 4.9 c. Greatest numbers of larvae were seen in August and 
September (Fig. 129), and most were collected at temperatures within 
the range 23 to 27 C (Fig. 130). 
Stage I and II zoeae were recorded from surface and bottom samples 
(Appendix C), and nearly 80% of the E. praelongus larvae collected were 
stage I zoeae (Fig. 131). Both stages were more abundant (66.4%) in 
bottom samples (Fig. 132). 
Polyonyx gibbesi Haig 
Larvae of this species occurred fairly commonly in plankton tows, 
and maximum observed concentration was 25.00/1000 liters (Appendix B). 
Larval abundance exhibited a small peak at the bay stations (COO and 
ClO) and a large peak at Y15, the maximum upstream penetration (Fig. 133). 
However, this latter peak was apparently the result of the single occur-
rence of a swarm of!:• gibbesi larvae at Y15 and may not reflect the 
typical distribution of the larvae. 
The salinity range over which P. gibbesi larvae were collected was 
15.74 to 30.37 0/00, but peak abundance was noted in the range 20 to 25 o/oo 
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Fig. 127. Abundance of Euceramus praelongus larvae with station (data 
for 1968 and 1969 combined). 
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Fig. 128. Abundance of Euceramus praelongus larvae with salinity 
(data for 1968 and 1969 combined and p~otted at mid-points 
of class-intervals). 
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Fig. 129. Abundance of Euceramus praelongus larvae with months (data 
for 1968 and 1969 combined). 
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Fig. 130. Abundance of Euceramus £!,_aelongus larvae with temperature 
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Fig. 131. Relative abundance of larval stages of Euceramus praelongus 
(data ~or 1968 and 1969 combined). 
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Fig. 132. Relative abundance of larval stages of Euceramus praelongus 
with depth (S = surface; B = bottom) (data for 1968 and 1969 
combined). 
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(Fig. 134). This peak was also markedly affected by the swarm of larvae 
sampled at Yl5. Larvae occurred in the plankton from July to October 
over a temperature range of 19.4 to 28.1 c. Greatest numbers of larvae 
were present in September (Fig. 135) and at temperatures of 23 to 25 C 
(Fig. 136). In the laboratory, a temperature of about 25 C was determined 
to be optimal for larval development (Gore, 1968). 
Both zoeal stages and megalopae of R_. gibbesi were collected in sur-
face and bottom samples. Stage I zoeae accounted for nearly 80% of the 
larvae, while stage II and the megalopa made up about 10% each (Fig. 137). 
Greatest abundance of stage I zoeae occurred in bottom samples, but stage 
II zoeae were more numerous at the surface (Fig. 138). However, Fig. 
138 may not reflect the "true" distribution of stage II with depth since 
only a small number of these zoeae was collected. Nearly all of the megalopae 
and 79.5% of all the larvae were in bottom samples. 
In other areas, Fish (1925) collected R_. gibbesi (=R_. macrocheles) 
larvae from late July to October at Woods Hole, Deevey (1960) found por-
cellanid larvae (=R_. gibbesi?) in Delaware Bay from June to October, and 
Hillman (1964) collected K• gibbesi larvae once during August in 
Narragansett Bay. 
Cancer irroratus Say 
Larvae of C. irroratus were occasionally taken at the lower bay 
stations (A05 to C11) in low concentrations (to 3.32/1000 liters) 
(Appendix B). Larvae were most abundant at station AOS, and abundance 
rapidly declined with distance up-bay (Fig. 139). The salinity range cor-
responding to the collections was 23.31 to 32.03 0/00, but most larvae 
were taken in waters of salinity ::::,,25 o/oo (Fig. 140). C. irroratus 
larvae were found in the plankton during every month from May to October, 
except August (Fig. 141). Peak abundance occurred in May and a smaller 
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Fig. 133. Abundance of Polyonyx gibbesi larvae with station (data 
for 1968 and 1969 combined). 
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Fig. 134. Abundance of Polyonyx gibbesi larvae with salinity (data for 
1968 and 1969 combined and plotted at mid-points of class 
intervals). 
85 
80 
75 
70 
65 
60 
55 
Q) 
o 50 
> 
'-
C 45 
.... 
ti) 
cu 40 ~ 
~ 
.bi 35 
>( 
~ 30 
0 
~ 
0 25 
ct. 
-
20 0 
,.... 
~ 0 15 
-
a, 
O> 10 
C 
-C: 
Q) 5 
(,) 
'-
(I) 
0. 0 
5 10 15 20 25 30 35 
S a I i n i t y (% o) 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
320 
Fig. 135. Abundance of Polyonyx gibbesi larvae with months (data for 
1968 and 1969 combined). 
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Fig. 136. Abundance of Polyonyx gibbesi larvae with temperature 
(data for 1968 and 1969 combined and plotted at mid-
points of class intervals). 
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Fig. ~37. Relative abundance of larval stages of Polyonyx gibbesi 
(data for 1968 and 1969 combined). 
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Fig. 138. Relative abundance of larval stages of Polyonyx gibbesi 
with depth (S = surface; B = bottom) (data for 1968 and 
1969 combined). 
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peak was seen in October, probably reflecting the temperature preferences 
of these larvae. The range of temperature over which c. irroratus larvae 
were collected was broad, 13.0 to 27.9 c. However, larvae were most 
numerous in the range 13 to 21 C, and few were taken at temperatures 
>25 C (Fig. 142). In the laboratory, Sastry (1970) found that salinities 
of 25 to 35 o/oo and temperatures of 15 and 20 C were satisfactory for 
larval development. 
Zoeal stages I to IV were distinguished in plankton samples, but no 
stage V larvae were seen. Stages II and III were collected only twice 
each, and the stage IV larva was seen only once (Appendix C). Little 
difference was observed between surface and bottom concentrations, with 
44.3% occurring in the surface samples and 55.7% in the bottom collections. 
Several other investigators have studied the distribution of c. 
irroratus larvae in other regions. Connolly (1923) described the larval 
stages off.• irroratus from specimens collected in eastern Canada from 
June to September. Fish (1925) collected the larvae at Woods Hole from 
May until August. Deevey (1960) recorded c. irroratus zoeae from Delaware 
Bay in April, May and June. In Narragansett Bay, Hillman (1964) found 
Cancer spp. larvae from May to July near the mouth of the Bay. Finally, 
Sage and Herman (1972) noted that C. irroratus zoeae were present in the 
Sandy Hook Bay area in late spring. 
Sesarma cinereum (Bose) 
Larvae of this species were taken in the plankton only on three 
occasions during the present study, one specimen each at stations YlO 
(June), Yl5 (August) and P30 (September) (Appendix B). All three speci-
mens were taken in bottom samples. Salinity and temperature ranged from 
11.90 to 19.64 o/oo and 24.8 to 26.6 c, respectively, for these collections. 
In the Newport River estuary, Pinschmidt (1963) found stage I and II 
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Fig. 139. Abundance of Cancer irroratus larvae with station (data 
for 1968 and 1969 combined). 
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Fig. 140. Abundance of Cancer irroratus larvae with salinity (data 
for 1968 and 1969 combined and plotted at mid-points of 
class intervals). 
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Fig. 141. Abundance of Cancer irroratus larvae with months (data 
for 1968 and 1969 combined). 
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Fig. 142. Abundance of Cancer irroratus larvae with temperature 
(data f~r 1968 and 1969 combined and plotted at mid-
points of class intervals). 
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zoeae of~. cinereum in low concentrations from June to September. Tem-
perature and salinity ranges of collections were 19 to 34 C and 7 to 36 
0/00, respectively. Larvae were most numerous in August and at tempera-
tures of 25 to 31 C. Costlow et al. {1960) found that salinities of 
20.1 and 26.7 o/oo and temperatures of about 30 C were most satisfactory 
for larval development in the laboratory. In Florida, Tagatz (1968) 
found larvae of the genus Sesarma the second most abundant form encountered 
in the St. Johns River. He collected Sesarma spp. larvae from April to 
October and in greatest numbers in August. Dudley and Judy (1971) found 
larvae of this genus more abundant inshore off Beaufort Inlet than 
offshore and recorded collections from June to September. At their in-
shore stations the larvae were more numerous at 8 meters than at the sur-
face. 
Sesarma reticulatum (Say) 
Larvae of S. reticulatum were taken on several occasions in the 
rivers from YlO to P35 and once at station A05. This latter record may 
have been the result of sample contamination in the laboratory. Larvae 
were most conunonly collected at stations from YlO to Y25 (Fig. 143) but 
were never abundant (maximum observed concentration, 7.64/1000 liters) 
(Appendix B). The salinity range corresponding to collections of S. 
reticulatum larvae was relatively broad, 2.04 to 20.24 o/oo (30.19 o/oo 
at A05). Few larvae were collected in waters of salinity.c.10 0/00, and 
greatest numbers were observed in the range 15 to 20 o/oo (Fig. 144). 
The zoeae appeared in June, were most numerous in July and August, and 
disappeared by October (Fig. 145). Larvae were most often collected 
at temperatures of 25 to 27 C (Fig. 146), but the total temperature 
range of collections was 22.8 to 27.9 C. 
All three zoeal stages of~. reticulatum were distinguished in the 
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Fig. 143. Abundance of Sesarma reticulatum larvae with station 
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Fig. 144. Abundance of Sesarma reticulatum larvae with salinity 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 145. Abundance of Seearma reticulatum larvae with months (data 
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Fig. 146. Abundance of Sesarma reticulatum larvae with temperature 
(data fo·.r 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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plankton. Stage I zoeae made up about 73% of all larvae collected and 
stages II and III were taken in about equal numbers (Fig. 147). Nearly 
all stage II and III zoeae occurred near the bottom (one record of stage 
III from the surface), and 74.7% of stage I larvae also were taken there. 
Of all the S. reticulatum larvae collected, 80.4% were in bottom samples. 
Elsewhere, Pinschmidt (1963) found S. reticulatum larvae in the Newport 
River from May to September, with peak numbers in July, August and September. 
The larvae were most numerous at temperatures of 25 to 31 C and in salinities 
:;::,,25 0/00. The findings of Tagatz (1968) and Dudley and Judy (1971) with 
regard to Sesarma larvae have been mentioned. 
Libinia spp. 
Larvae of the genus Libinia were found on ten occasions in Clarke-
Bumpus samples (Appendix B) and on eight occasions in the supplemental 
Bongo samples (Appendix D), but not many were collected (maximum observed 
concentration, 11.11/1000 liters). Collections of Libinia larvae were 
recorded from stations A05 to YlO but too few were taken to indicate 
areas of greatest abundance. Salinity and temperature ranges of 
these occurrences were 15.74 to 32.34 o/oo and 20.0 to 28.1 C, respectively. 
Larvae were taken from June to October but were most common in July and 
September. Most of the larvae occurred in bottom samples, and both zoeal 
stages were distinguished among planktonic specimens (Appendix C). 
In other areas, Fish (1925) collected larvae of Libinia spp. at 
Woods Hole from June until October, Deevey (1960) found larvae of the 
genus in Delaware Bay from July to October, Hillman (1964) collected 
larvae in Narragansett Bay from June to September, and Dudley and Judy 
(1971) recorded these larvae occasionally from stations off Beaufort 
Inlet in May, July and August. 
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Fig. 147. Relative abundance of larval stages of Sesarma reticulatum 
(data for 1968 and 1969 combined). 
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Uca spp. 
Larvae belonging to the genus Uca were the most commonly collected 
and abundant forms encountered during this study. Concentrations>lOO/ 
1000 liters were not unusual and the maximum recorded concentration was 
1054/1000 liters (Appendix B). Uca larvae were taken at every station 
and over a salinity range of 0.06 to 32.34 0/00. However, larvae were 
most numerous in the upper York and Pamunkey rivers (stations Y20 to 
P40), with peak abundance occurring at P35 (Fig. 148). In this area the 
rivers are bordered by large expanses of marshland. More than half the 
Uca larvae collected were in salinities<5 0/00, while only about 5% were 
taken in salinities>20 o/oo (Fig. 149). Uca larvae first appeared in 
the plankton in June, were most numerous in July and disappeared by 
October (Fig. 150). A broad temperature range, 19.4 to 30.8 C, was 
recorded for collections of Uca larvae, but :>90% of the zoeae were taken 
in the much narrower range 26 to 30 C (Fig. 151). Larvae found at tem-
peratures<22 C comprised only about 0.1% of the total collected. 
All five zoeal stages were represented in both surface and bottom 
plankton sampl~s, but stage I zoeae were by far the most numerous, com-
prising >90% of all Uca zoeae collected (Fig. 152). Stage V zoeae were 
much more numerous in bottom than in surface samples, but stages II to 
IV were only slightly more abundant near the bottom and stage I larvae 
were slightly more numerous at the surface (Fig. 153). Overall, 54.2% 
of the larvae were taken at the surface. 
One further result which deserves mention is that while stage I 
zoeae were most numerous well upstream (Y20 to P40), later stages 
(especially stages III to V) were more abundant downstream from station 
Y20 (Appendix C). 
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Fig. 148. Abundance of Uca larvae with station (data for 1968 and 
1969 combined). 
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Fig. 149. Abundance of Uca larvae with salinity (data for 1968 and 
1969 combined and plotted at mid-points of class intervals). 
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Fig. 150. Abundance of Uca larvae with months (data for 1968 and 
1969 combined). 
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Fig. 151. Abundance of~ larvae with temperature (data for 1968 and 
1969 combined and plotted at mid-points of class intervals). 
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Fig. 152. Relative abundance of Uca larval stages (data for 1968 
and 1969 combined). 
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Fig. 153. Relative abundance of Uca larval stage with depth (data 
for 1968 and 1969 combined and plotted as mid-points of 
class intervals). 
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Several other investigators have noted the abundance of Uca larvae 
in the plankton in various other areas. At Beaufort, Hyman (1920) 
found stages I to III abundant in surface tows and stages IV and V common 
hear the bottom. Fish (1925) found Uca larvae rare in surface tows at 
Woods Hole in July and August. Pinschmidt (1963) reported that larvae 
of the genus Uca were the most abundant forms encountered in the Newport 
River. He collected the larvae from May to September, with peak abundance 
seen in August. Larvae were taken over the entire estuarine salinity 
range, 0 to 37 0/00, and within the temperature range 16 to 34 c, but 
were most abundant in salinities -::>12 o/oo and at temperatures of 25 to 
31 C. In contrast, Hillman (1964) found Uca larvae only in low densities 
(seldom-:,.10/m3) and only during July and August in Narragansett Bay. 
In Florida, Tagatz (1968) found Uca larvae to be the most abundant larvae 
in the St. Johns River. He collected larvae from April to October with 
maximum numbers (742.5/m3) recorded in August. Dudley and Judy (1971) 
also found Uca zoeae commonly from May through September outside Beaufort 
Inlet. 
Dissodactylus mellitae Rathbun 
Larvae tentatively assigned to this species were rare in Chesapeake 
Bay plankton. During the present study, I found D. mellitae larvae only 
twice, once in a bottom Clarke-Bumpus sample from station COO (August) 
and once in a Bongo sample from station A05 (July). Temperature and 
salinity conditions at these stations on sample dates were 23.5 C, 
29.50 o/oo at COO and 20.8 C, 32.34 o/oo at A05. 
Elsewhere, Tagatz (1968) collected larvae of Dissodactylus sp. 
once in May in the St. Johns River, and Dudley and Judy (1971) found 
D. mellitae larvae in low concentrations from May to October off Beaufort 
Inlet. 
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Pinnixa chaetopterana Stimpson 
P. chaetopterana larvae were comm0n, appearing in concentrations 
to 61/1000 liters in the lower bay (Appendix B). Specimens of this 
species were collected at all stations from A05 to YOO over a salinity 
range of 20.30 to 32.34 0/00. Larvae were most numerous at stations 
COO and ClO (Fig. 154) and in waters of 20 to 30 o/oo salinity (Fig. 
155). Specimens were found in the plankton from June to Septemb~r, with 
peak numbers present in June (Fig. 156). The temperature range corres-
ponding to collections of this species was 19.8 to 28.1 C. However, 
few larvae were seen at temperatures<23 C, and most were found in the 
range 24 to 27 C, with peak abundance at 24 to 25 C (Fig. 157). 
Both surface and bottom samples contained specimens of all five 
zoeal stages. Zoeae of stages I and II were about equally abundant in 
the collections, and stage III larvae also were commonly found (Fig. 
158). However, zoeae of stages IV and V together comprised only about 
11% of the larvae collected. All stages were much more abundant near 
the bottom (Fig. 159), these samples comprising 81.0% of all larvae 
collected. 
A few investigators in other areas have noted the occurrence of P. 
chaetopterana larvae in the plankton. Fish (1925) collected larvae of 
this species at Woods Hole from June until late October and Deevey (1960) 
found them from July to September in Delaware Bay. In Narragansett Bay, 
Hillman (1964) collected P. chaetopterana larvae from June to late 
October. He found them most abundant (to nearly 200/m3) at his mid-bay 
station in August. Tagatz (1968) did not identify~- chaetopterana 
larvae but tabulated all pinnixid zoeae encountered as Pinnixa sp. 
He found Pinnixa larvae during every month of the year in the lower 
St. Johns River, but most commonly in late spring, summer and early 
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Fig. 154. Abundance of Pinnixa chaetopterana_larvae with station 
(data for 1968 and 1969 combined). 
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Fig. 155. Abundance of Pinnixa chaetopterana larvae with salinity 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 156. Abundance of Pinnixa chaetopterana larvae with months 
(data· for 1968 and 1969 combined). 
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Fig. 157. Abundance of Pinnixa chaetopte~ larvae with temperature 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 158. Relative abundance of larval stages of Pinnixa 
chaetopterana (data for 1968 and 1969 combined). 
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Fig. 159. Relative abundance of larval stages of Pinnixa 
chaetopterana with depth (S = surface; B = bottom) 
(data for 1968 and 1969 combined). 
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fall. Dudley and Judy (1971) also recorded pinnixid larvae as Pinnixa 
spp. They collected Pinnixa larvae from May to October and November, 
and found the larvae more abundant in samples from 8 m than at the surface. 
Pinnixa cylindrica (Say) 
On several occasions a few larvae (to 5.41/1000 liters) of this 
species were encountered in samples from stations A05 and COO (Appendices 
B, D). The larvae appeared in the plankton from July to October, with 
most being collected at station A05. Salinity and temperature ranges 
corresponding to the collections of R_. cylindrica larvae were 27.28 to 
31.19 o/oo and 19.8 to 26.2 C, respectively. Zoeae of stages I, II, 
III and V were distinguished in the plankton collections (Appendix C), 
and nearly all the larvae were found in bottom samples. 
Pinnixa sayana Stimpson 
Larvae of P. sayana were taken fairly commonly in the bay and lower 
York River (stations A05 to YlO). Maximum concentration (55.55/1000 
liters) was observed at YOO in September 1969 (Appendix B). Larvae were 
most abundant at stations COO to YOO, and few were taken either at A05 
or YlO (Fig. 160). The range of salinity over which R_. sayana larvae 
were collected was 18.10 to 32.34 0/00. However, >95% of the larvae 
were collected at salinities of 20 to 30 0/00, with peak abundance at 
20 to 25 o/oo (Fig. 161). Zoeae appeared in the plankton from June to 
October over a temperature range of 19.8 to 27.9 C, and they were most 
numerous in September and at temperatures of 24 to 26 C (Figs. 162, 163). 
All five zoeal stages were collected. Stage III zoeae comprised 
the largest proportion of the larvae, with stages II and I successively 
less abundant (Fig. 164). All zoeal stages were considerably more abun-
dant in bottom samples (Fig. 165), and these held 8§.8% of the total P. 
sayana larvae collected. 
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Fig. 160. Abundance of Pinnixa sayana_Jarvae with station (data for 
1968 and 1969 combined). 
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Fig. 161. Abundance of Pinnixa sayana larvaeewith salinity (data for 
1968 and 1969 combined and plotted at mid-points of class 
intervals). 
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Fig. 162. Abundance of Pinnixa sayana larvae with months ~data for 
1968 and 1969 combined). 
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Fig. 163. Abundance of Pinnixa sayana larvae with temperature (data 
for 1968 and 1969 combined and plotted at mid-points of 
class intervals). 
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Fig. 164. Relative abundance of larval stages of Pinnixa sayana 
(data for 1968 and 1969 combined). 
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Fig. 165. Relative abundance of larval stages of Pinnixa sayana! 
with depth (S = surface; B = bottom) (data fo~ 1968 
and 1969 combined). 
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Few other studies concerning planktonic _!:. sayana larvae have been 
reported. At Woods Hole, Fish (1925) collected the larvae during July, 
August and September. Deevey (1960) found R_. sayana larvae in Delaware 
Bay from July to October. Hillman (1964) found them in Narragansett 
Bay plankton from June to October, with peak abundance in August and 
September. Farther south, Williams and Deubler (1968) recorded_!:. sayana 
larvae from August to December in the Pamlico and Neuse rivers, and 
Sandifer (1970, unpubl.) found them in the Cape Hatteras region in 
November. The results of Tagatz (1968) and Dudley and Judy (1971) 
regarding Pinnixa larvae have been mentioned. 
Pinnotheres maculatus Say 
Larvae of P. maculatus were taken at all stations from A05 to Y25 
over a salinity range of 10.91 to 32.34 0/00. Zoeae were common, but 
never abundant (maximum observed concentration, 20,97/1000 liters) 
(Appendix B) at stations COO to YlO, with peak numbers occurring at 
ClO (Fig. 166). Abundance of P. maculatus zoeae exhibited a distinct 
peak in the salinity range 20 to 25 0/00, and few larvae were taken in 
waters of salinity<15 or>30 o/oo (Fig. 167), Zoeae were present in 
the plankton from June to October, within a temperature range of 20.0 
to 28.1 C. Also, one specimen was found in a bottom sample taken in 
February 1969 at station A05. The temperature corresponding to this 
sample was 4.3 C. Larvae were most numerous in August and September 
(Fig. 168) .and within the temperature range 26 to 28 C (Fig. 169). 
The collections of P. maculatus zoeae included specimens of all 
five zoeal stages, but stage I zoeae comprised the largest proportion 
of the larvae (Fig, 170). All stages were more abundant in bottom samples 
(Fig. 171), with 76.7% of the total P. maculatus larvae collected occur-
ring there. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
359 
Fig. 166. Abundance of Pinnotheres maculatus larvae with station 
(data for 1968 and 1969 combined). 
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Fig. 167. Abundance of Pinnotheres maculatus larvae with salinity 
{data for 1968 and 1969 combined and plotted at mid-
points of class intervals). 
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Fig. 168. Abundance of Pinnotheres maculatus larvae with months 
(data for 1968 and 1969 combined). 
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Fig. 169. Abundance of Pinnotheres maculatus larvae with temperature 
{data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 170. Relative abundance of larval stages of Pinnotheres 
maculatus (data for 1968 and 1969 combined). 
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Fig. 171. Relative abundance of larval stages of Pinnotheres 
maculatus with depth (S = surface; B = bottom) (data 
for 1968 and 1969 combined). 
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Several other investigators have recorded occurrences of planktonic 
P. maculatus larvae. Fish (1925) found such larvae commonly at Woods 
Hole from July to November. Deevey (1960) recorded the larvae in Delaware 
Bay from July to October, while Cronin et al. (1962) found low concentra-
tions of P. maculatus zoeae in the Delaware River during summer. In 
Narragansett Bay, Hillman (1964) found this species the second most abundant 
larval form. Larvae occurred in the plankton from June to September and 
were most abundant in the mid-bay area, especially in August. In con-
trast, Tagatz (1968) found!• maculatus only in low densities (<1/m3) in 
the lower St. Johns River from May to November. In offshore studies, 
Sandifer (1970, unpubl.) reported.!'._. maculatus larvae at one station near 
Cape Lookout in November, and Dudley and Judy (1971) took larvae at sta-
tions off Beaufort Inlet from May to November. 
Pinnotheres ostreum Say 
Larvae of this species were collected at all stations from A05 
to P35 except P30 but never in abundance (maximum observed concentration, 
14.57/1000 liters) (Appendix B). The salinity range of occurrences of 
P. ostreum larvae, 3.94 to 31.86 0/00, was somewhat broader than for P. 
maculatus zoeae. Zoeae were most numerous at the lower York River sta-
tions (Fig. 172) and within the salinity range 15 to 25 o/oo (Fig. 173). 
Specimens were first found in the plankton in June, reached peak numbers 
in July and disappeared during October (Fig. 174). The temperature range 
corresponding to collections of!· ostreum larvae was 20.1 to 28.9 C, 
but most larvae were taken at temperatures of 25 to 27 C (Fig. 175). 
All four zoeal stages were distinguished in the plankton, but stage 
I zoeae comprised nearly 90% of the total (Fig. 176). Thus, too few 
larvae of later stages were taken to indicate their real distribution 
with depth, although it should be noted that 78.7% of all the larvae 
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Fig. 172. Abundance of Pinnotheres ostreum larvae with station 
(data for 1968 and 1969 combined). 
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Fig. 173. Abundance of Pinnotheres ostreum larvae with salinity 
(data for 1968 and 1969 combined and plotted at mid-
points of class intervals). 
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Fig. 174. Abundance of Pinnotheres ostreum larvae with months 
(data for 1968 and 1969 combined). 
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Fig. 175. Abundance of Pinnotheres ostreum larvae with temperature 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig, 176. Relative abundance of larval stages of Pinnotheres ostreum 
(data for 1968 and 1969 combined). 
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were taken near the bottom. 
In other areas a few investigators have identified P. ostreum 
larvae in the plankton. Deevey (1960) found these larvae in Delaware 
371 
Bay during June and July. In the Newport River, Pinschmidt (1963) 
collected P. ostreum larvae from May until October and found peak numbers 
in July. He collected stage I zoeae at temperatures between 21 and 32 C 
and in salinities of 18 to 36 0/00, while stage II larvae were found at 
temperatures of 24 to 28 C and in salinities of 32 to 36 o/oo; no other 
stages were collected. Tagatz (1968) found!• ostreum larvae in the 
lower St. Johns River from April to November, with peak abundance in 
spring and summer, Offshore, Dudley and Judy (1971) collected low num-
bers of these larvae from June to October. 
Callinectes sapidus Rathbun 
f_. sapidus larvae occurred at all stations from A05 to YlO and 
occasionally were quite abundant (maximum concentration, 420,10/1000 
liters) (Appendix B). However, >85% of the larvae were collected at 
station A05, and few were found at stations further upstream than COO 
(Fig. 177). The range of salinity over which C. sapidus larvae were 
collected was 15.74 to 32.34 0/00, but most were taken mn salinities 
of 20 to 30 o/oo (Fig. 178). Larvae were observed in the plankton from 
June to September and twice in November but were most numerous in July and 
August (Fig. 179). The temperature range of collections was 14.0 to 
27.9 C, but >75% of the larvae were taken at temperatures of 25 to Z6C 
(Fig. 180). In the laboratory, Costlow and Bookhout (1959) found that 
temperatures of about 25 C and salinities from 20 to 32 o/oo provided satis-
factory conditions for .9.. sapidus larval development. 
The first four zoeal stages and the megalopa of C. sapidus were 
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Fig. 177. Abundance of Callinectes sapidus larvae with station (data 
for 1968 and 1969 combined). 
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Fig• 178. Abundance of Callinectes sapidus larvae with salinity (data 
for 1968 and 1969 combined and plotted at mid-points of 
class intervals). 
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Fig. 179. Abundance of Callinectes sapidus larvae with months (data 
for 1968 and 1969 combined). 
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Fig. 180. Abundance of Callinectes sapidus larvae with temperature 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals) (too few larvae were collected at tem-
peratures< 17 C to show on graph). 
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observed in the plankton, but zoeal stages V, VI and VII were not 
found. Stage I zoeae comprised >98% of the total number of larvae col-
lected, and later stages were taken but rarely (Appendix C). Of all 
the zoeae collected, 89.4% were taken in surface samples. However, all 
three occurrences of megalopae were noted in bottom samples, one upriver 
as far as YlO. 
A number of other investigators have studied the distribution of 
planktonic f_. sapidus larvae. At Woods Hole, Fish (1925) collected 
Callinectes zoeae during August, September and October. In the Chesapeake 
Bay, Graham and Beaven (1942) found blue crab larvae abundant in the 
region of the Capes, and Van Engel (1958) stated that, "The greatea:con-
centrations of zoeae are found in the channel region between Cape Charles 
and Cape Henry and diminishing numbers both up-Bay and seaward." In 
Delaware Bay, Deevey (1960) collected.£., sapidus larvae from May to October, 
and Cronin et al. (1962) took occasional specimens in the Delaware River 
during summer. Pinschmidt (1963) collected the larvae from May to November 
in the Newport River and found them most abundant from May to July. The 
larvae were most numerous at his two most seaward stations, and at tempera-
tures of about 21 to 28 C and in salinities >27 0/00. Nichols and Keney 
(1963) collected all larval stages of Callinectes in offshore waters, 
finding larvae most abundant near shore, with late-stage larvae more 
common well offshore, In Narragansett Bay, Hillman (1964) collected 
.£., sapidus larvae once (in September) at his most seaward station. In 
Florida, Tagatz (1968) found Callinectes zoeae from April through October 
in the St. Johns River. The maximum observed concentration was 460.9/m3, 
and more zoeae were collected at the surface than at the bottom. However, 
96% of the megalopae collected were taken at the bottom. He concluded 
that, "Early development occurs in the ocean within a few kilometers of 
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shore, and growth after the second zoeal stage takes place farther off-
shore. Some larvae return to inshore waters as megalopae." In their 
offshore study, Dudley and Judy (1971) found Callinectes larvae the 
most abundant forms encountered. The larvae were collected during all 
months sampled (May to November) and were most numerous from June to 
August. More larvae were taken at offshore than at inshore stations and 
in surface samples, and late stage zoeae were taken only at the offshore 
stations. Considering a 10-year period of night-time sampling, Williams 
(1971) found Callinectes megalopae in North Carolina estuaries during 
every month of the year. He recorded continuous occurrence of megalopae 
in Bogue Sound from April to November or December, with peak abundance 
in late summer-early fall. Williams stated that, "Megalopae of Callinectes 
species (putative sapidus) were abundant at all estuarine levels sampled, 
a distribution nicely fitting the developmental and migratory history of 
the species as generally understood, but suggesting a more substantial 
role for the megalopa in dispersal than is generally accepted." Finally, 
Sage and Herman (1972) occasionally found f. sapidus larvae in the 
Sandy Hook Bay area during mid-summer, with maximum concentration seen 
in August. 
Ovalipes ocellatus (Herbst) 
Larvae of this species were collected occasionally at stations A05 
and COO. Maximum observed concentration was 7.57/1000 liters (Appendix 
B). Salinity and temperature ranges corresponding to the collections 
were 25.26 to 32.34 o/oo and 20.0 to 26.2 C, respectively. These ranges 
of temperature and salinity are similar to the conditions reported by 
Costlow and Bookhout (1966b) to be satisfactory for larval development 
in the laboratory. Larvae were collected from June to October, but 
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most connnonly in September. Overall, 81.2% occurred at the surface. 
Zoeal stages I to IV were included in the collections (Appendix C), but 
too few larvae were collected to allow a more detailed analysis of dis-
tribution and abundance with regard to environmental factors. 
In other areas, Fish (1925) found o. ocellatus larvae at Woods 
Hole from July until late October, Hillman (1964) collected them twice 
(June and July) in Narragansett Bay, and Sandifer (1970, unpubl.) found 
larvae of Ovalipes spp. common in the Cape Hatteras region in November. 
Eurypanopeus depressus (Smith) 
Larvae identified as E. depressus were taken only on three occasions 
during this study: YOO in June 1969 surface sample, YlO in June 1968 
bottom sample, and YOO in July 1969 Bongo sample. Salinity and tempera-
ture conditions pertaining to each of these collections were 22.54 o/oo 
and 23.9 C, 19.64 o/oo and 25.6 C, and? o/oo and 26.8 C, respectively. 
Maximum observed concentration was 0.95/1000 liters (Appendix B). 
Elsewhere, information on the occurrence of Eurypanopeus larvae in 
the plankton has been reported by several investigators. Pinschmidt 
(1963) collected the larvae in the Newport River from May until October 
and noted peak numbers in May. He collected zoeae at temperatures in 
the range 16 to 34 C, but they were most numerous at temperatures>21 C. 
The salinity ~ange corresponding to his collections was 12 to 37 0/00, 
but greatest abundance was found in salinities>26 0/00. In the Patuxent 
River, Herman et al. (1968) found E. depressus larvae from May to October 
with peak numbers present in June and July. Tagatz (1968) collected 
larvae of Eurypanopeus sp. in the St. Johns River from April to October, 
with maximum concentration observed in August. In shelf waters, Dudley 
and Judy (1971) reported low concentration of E. depressus larvae from 
May to October. 
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Hexapanopeus angustifrons (Benedict and Rathbun) 
Zoeae of this species were the most commonly collected xanthid 
larvae in the lower bay, with observed concentrations ranging to 237.31/ 
1000 liters (Appendix B). Larvae were collected at all stations from 
AOS to Y25 but only once each at Y20 and Y25. Peak abundance occurred 
at station COO, and< 5% of the larvae were taken at the York River stations 
(Fig. 181). The larvae were collected in waters of 14.83 to 32.34 o/oo 
salinity but were most numerous in salinities of 20 to 25 o/oo (Fig. 182); 
<:2.5% of the larvae were taken in salinities<20 0/00. H. angustifrons 
larvae appeared in the plankton from June to October with peak abundance 
in August (Fig. 183). The temperature range corresponding to these 
collections was 19.3 to 28.1 C. However, nearly all the larvae occurred 
at temperatures within the range 22 to 26 C, and peak abundance was ob-
served at 25 to 26 C (Fig. 184). 
All four zoeal stages of!!• angustifrons were distinguished in sur-
face and bottom plankton samples. More than 60% of the larvae collected 
were stage I zoeae (Fig. 185), and they were about equally distributed 
in surface and bottom samples. Larvae of stages II to IV were most nu-
merous in the bottom collections (Fig. 186), which contained 57.6% of 
all the larvae. 
In other areas, Sandifer (1970, unpubl.) collected a few zoeae at 
one station near Cape Lookout in November, and Williams (1971) found 
H. angustifrons megalopae from June to October in North Carolina estu-
aries, with peak abundance in August and September. Williams noted that, 
"Postlarval Hexapanopeus angustifrons are confined to relatively high 
salinities near inlets. Only a single specimen was found beyond this 
environment in mesohaline areas of the estuary." 
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Fig. 181. Abundance of Hexapanopeus angustifrons larvae with station 
(data for 1968 and 1969 combined). 
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Fig. 182. Abundance of Hexapanopeus angustifrons larvae with salinity 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 183. Abundance of Hexapanopeus angustifrons larvae with months 
(data for 1968 and 1969 combined). 
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Fig. 184. Abundance of Hexapanopeus angustifrons larvae with tempera-
ture (data for 1968 and 1969 combined and plotted at mid-
points of class intervals). 
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Fig. 185. Relative abundance of larval stages of Hexapanopeus 
angustifrons (data for 1968 and 1969 combined). 
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Fig. 186. Relative abundance of larval stages of Hexapanopeus 
angustifrons with depth (S = surface; B = bottom) 
(data for 1968 and 1969 combined). 
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Neopanope taxana sayi (Smith) 
Larvae of N. _;_. sayi were abundant at the bay and lower York River 
stations. Zoeae were collected at all stations from A05 to Y25 and two 
specimens (possibly contaminants) were recorded from P35 and one from 
P50. Most of the larvae were found at stations COO to YOO, with greatest 
numbers at ClO and YOO (Fig. 187). Maximum concentration, 118.36/1000 
liters, was observed at YOO in June 1969 (Appendix B). The salinity 
range corresponding to collections of N. _;_. sayi larvae was 10.87 to 
32.34 o/oo (excluding the records at P35 and P50 where salinity was 3.94 
and 0.15 0/00, respectively). The zoeae exhibited a sharp peak of abun-
dance in salinities between 20 to 25 0/00, and few larvae were taken in 
salinities ..:::15 o/oo (Fig. 188). Zoeae were captured from June to October, 
and the level of abundance was similar from June to September (Fig. 189). 
Collections of!!_.!_. oayi larvae were recorded over a temperature range 
of 19.3 to 29.6 C; however, most larvae were taken in the range 22 to 27 C 
(Fig. 190). 
Zoeal stages I to IV were taken in both surface and bottom samples, 
but stage I larvae comprised the largest proportion (>60%) of the total 
number collected (Fig. 191). Stages I and II were only slightly more 
numerous in bottom than in surface samples, but stages III and IV were 
much more abundant in bottom collections (Fig. 192). Of the total number 
of larvae collected, 59.7% were taken in bottom samples. 
Several investigators in other areas have identified planktonic 
Neopanope larvae. At Woods Hole, Fish (1925) found N. !_, sayi larvae from 
May to October. Deevey (1960) collected the larvae in Delaware Bay from 
June to October. N. _;_. sayi was the most abundant species of decapod 
larvae found by Hillman (1964) in Narragansett Bay. Larvae were most 
numerous at his up-bay and mid-bay stations and least abundant seaward. 
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Fig. 187. Abundance of Neopanope texana sayi larvae wibh station 
(data for 1968 and 1969 combined). 
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Fig. 188. Abundance of Neopanope texana sayi larvae with salinity 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 189. Abundance of Neopanope texana sayi larvae with months (data 
for 1968 and 1969 combined). 
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Fig. 190. Abundance of Neopanope texana sayi larvae with temperature 
(data for 1968 and 1969 combined and plotted a.t mid-points 
of. class intervals). 
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Fig. 191. Relative abundance of larval stages of Neopanope texana 
sayi (data for 1968 and 1969 combined). 
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Fig. 192. Relative abundance of larval stages of Neopanope texana 
sayi with depth (S = surface; B = bottom) (data for 1968 
and 1969 combined). 
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Zoeae were collected from June to September, with maximum abundance (to 
about 400/m3) observed in August. In Florida, Tagatz (1968) collected 
larvae of Neopanope sp. from March to November in the St. Johns River. 
In shelf waters, Sandifer (1970, unpubl.) collected!!_. texana larvae at 
one station near Cape Lookout in November, and Dudley and Judy (1971) found 
Neopanope larvae to be present from May through November off Beaufort 
Inlet. The latter authors also noted that larvae were more numerous in-
shore and at the 8 m sampling depth. Finally, Sage and Herman (1972) 
reported B_. texana larvae present in the zooplankton of the Sandy Hook 
Bay area in mid-summer, with peak numbers in early July. 
Panopeus herbstii H. Milne Edwards 
Larvae of this species were fairly commonly collected in the pres-
ent study but were much less abundant (maximum observed concentration, 
12.10/1000 liters) (Appendix B) than were the larvae of all other xanthids 
except~. depreseus. Zoeae were taken at all stations from A05 to P35 
over a broad salinity range, 1.76 to 32.34 0/00. Greatest numbers of 
~ herbstii larvae were found at the bay and lower York River stations, 
and few larvae were taken upriver from Y20 (Fig. 193). With salinity, 
peak abundance occurred in waters of 15 to 25 o/oo salinity, and<:5% 
of the larvae collected were taken in salinities <15 o/oo (Fig. 194). 
P. herbstii larvae occurred in the plankton only from June to September 
and were most numerous in July and August (Fig. 195). The temperature 
range corresponding to these collections was 19.4 to 29.4 C, but peak 
abundance occurred within a much narrower range, 25 to 28 C (Fig. 196). 
In the laboratory Costlow et al. (1962) found highest survival of P. 
herbstii larvae at a temperature of 30 C in salinities of 20.1 to 31.1 
0/00. 
All four zoeal stages were distinguished in surface and bottom 
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Fig. 193. Abundance of Panopeus herbstii_larvae with station (data 
for 1968 and 1969 combined). 
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Fig. 194. Abundance of Panopeus herbstii larvae with salinity (data 
for 1968 and 1969 combined and plotted at mid-points of 
class intervals). 
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Fig. 195. Abundance of Pagcpeus herbstii larvae with months (data for 
1968 and 1969 combined). 
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Fig. 196. Abundance of Panopeus herbstii larvae with temperature 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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samples, but stages III and IV were uncommonly found (Appendix C). 
Stage I zoeae comprised about 70% of the total number of P. herbstii 
larvae collected (Fig. 197). There was little difference between sur-
face and bottom concentrations of stages I and II (Fig. 198), and 
too few later stage zoeae were collected to draw meaningful conclusions 
concerning their depth distribution. Considering all P. herbstii larvae 
collected, 50.9% occurred in bottom samples. 
In North Carolina, Pinschmidt (1963) found P. herbstii larvae 
from May until September, with highest numbers present from May through 
August. Larvae were collected over a temperature range of 19 to 34 C, 
with peak abundance at 28 to 31 C, and in salinities of 12 to 36 0/00. 
At stations off the North Carolina coast, Sandifer (1970, unpubl.) found 
P. herbstii zoeae near Cape Lookout in November, and Dudley and Judy (1971) 
collected the.larvae from May through November off Beaufort Inlet, record-
ing greatest numbers in June and August. Farther south, Tagatz (1968) ob-
served larvae of Panopeus sp. in the plankton of the St. Johns River from 
April through November, with maximum concentration (57.8/m3) in August. 
Rhithropanopeus harrisii (Gould) 
Larvae of this species were common to abundant (maximum observed 
concentration, 221.27/1000 liters) in the upper York and Pamunkey rivers 
(Appendix B). Zoeae were collected at all stations from YlO to PSO 
over a salinity range of 1.76 to 21.03 0/00. Also, one specimen was 
found in the September 1968 bottom sample from COO and another in the 
August 1968 surface sample from ClO (Appendix B). The salinity and tem-
perature conditions pertaining at the times of these collections were 
29.10 0/00, 23.6 C and 21.88 0/00, 25.8 C, respectively. Most R. harrisii 
larvae were found at stations P30 to P40 (Fig. 199) and within the salinity 
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Fig. 197. Relative abundance of larval stages of Panopeus herbstii 
(data for 1968 and 1969 combined). 
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Fig. 198. Relative abundance of larval stages of Panopeus herbstii 
with depth (S = surface; B = bottom) (data for 1968 and 
1969 combined) (too few stage III and IV larvae were 
collected for presentation). 
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Fig. 199. Abundance of Rhithropanopeus harrisii larvae with station 
(data for 1968 and 1969 combined). 
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range Oto 10 o/oo (Fig. 200). Peak abundance was noted at P35 and in 
0 to 5 0/00. Larvae first appeared in the plankton in May, were most 
numerous in July, August and September, and had nearly disappeared by 
October (Fig. 201). A broad temperature range, 17.3 to 30.l C, corre-
sponded to collections of R. harrisii larvae, but most larvae were col-
lected at temperatures of 25 to 29 C and few at temperatures<25 C (Fig. 
202). In laboratory studies Costlow et al. (1966) found highest survival 
of larvae in salinities of 15 and 25 0/00. They also noted that in sa-
linities <.15 0/00, survival at 30 C was greater than that at 20 C, 
while in salinities >15 o/oo survival at the lower temperature was 
greater. However, Chamberlain (1962) reported highest survival in sa-
linities of 6 and 10 o/oo at 15 and 24 C. 
All four zoeal stages were distinguished in both surface and bottom 
samples, and stage I zoeae comprised >55% of the total (Fig. 203). 
Stage I zoeae were only slightly more than half as abundant in surface 
as in bottom samples, and the proportion found in surface collections 
decreased steadily with successive stages (Fig. 204). Overall, 72.3% 
of the larvae were collected in bottom samples. 
Several other investigators have noted R. harrisii larvae in plank-
ton samples. Bousfield (1955) found the larvae in salinities<.20 o/oo 
and concentrated in the region of the level of no net motion in the 
Miramichi estuary. In the Newport River, Pinschmidt(1963) collected 
R. harrisii larvae from May until September with peak abundance in July. 
Larvae occurred over a rather broad temperature range, 16 to 34 C, but 
were most abundant at about 31 C. Although larvae were collected over 
virtually the entire estuarine salinity gradient (0 to 33 0/00), they 
were most abundant in salinities of 13 to 19 0/00. Pinschmidt also 
noted that all stages were more numerous in bottom than in surface samples. 
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Fig. 200. Abundance of Rhithropanopeus harrisii larvae with salinity 
(data for 1968 and 1969 combined and plotted at mid-points 
of class intervals). 
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Fig. 201. Abundance of Rhithropanopeus harrisii larvae with months 
(data for 1968 and 1969 combined). 
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Fig. 202. Abundance of Rhithropanopeus harrisii larvae with tempera-
ture (data for 1968 and 1969 combined and plotted at mid-
points of class intervals). 
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Fig. 203. Relative abundance of larval stages of Rhithropanopeus 
harrisii.(data for 1968 and 1969 combined). 
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Fig. 204. Relative abundance of larval stages of Rhithropanopeus 
harrisii with depth (S = surface; B = bottom) (data for 
1968 and 1;59 combined). 
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In Chesapeake Bay, Van Engel and Joseph (1968) found R. harrisii lar-
vae abundant during the summer in the upper York and Pamunkey rivers. 
Herman ·et al. (1968) recorded the larvae from the Patuxent River from 
May to October, with greatest numbers present in June and July. In 
Florida, Tagatz (1968) collected larvae of Rhithropanopeus sp. in 
408 
very low concentrations in the lower St. Johns River from May to November, 
but he found the larvae much more abundant at an upriver station where 
salinity ranged from 5 to 11 0/00. Williams (1971) found that zoeae 
and megalopae of R. harrisii were limited to mesohaline and oligohaline 
regions of the Neuse and Pamlico rivers. He collected zoeae from May 
to October in these rivers and observed greatest concentrations from 
June to September. No evidence of depth stratification of larvae was 
found. 
24-Hour Station at YlO 
In daylight larvae were more abundant at the bottom than at the 
surface during each sampling period, but at maximum ebb the difference 
in concentrations between the two levels was slight (Table 10). At 
night, larvae also were more abundant at the bottom than in the surface 
samples at slack before flood and at maximum flood, but at slack before 
ebb larvae were much more numerous than at any other time and were more 
abundant in surface than in bottom collections (Table 10). Samples 
taken at maximum ebb were lost and thus could not be examined for larvae. 
In all, larvae of 15 species were collected over the 24-hour period, 
but no species was represented at all sampling times and no definite 
trends in abundance for any one species were noted. Zoeae of Pinnotheres 
ostreum, Uca spp., and Upogebia affinis were most commonly taken. 
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Table 10. Abundance (no./1000 liters) of decapod larvae at YlO 
24-hour station, 18-19 June 1969 
Surface 
Bottom 
Surface 
Bottom 
Slack 
before flood 
9.59 
30.52 
Slack 
before flood 
1.40 
15.63 
DAYLIGHT 
Maximum 
flood 
1.36 
32.18 
DARKNESS 
Maximum 
flood 
2.80 
15.31 
Slack 
before ebb 
3.31 
33.69 
Slack 
before ebb 
116.35 
26.72 
Maximum 
ebb 
13.53 
15.47 
Maximum 
ebb 
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Discussion 
Most decapod larvae appear in temperate estuaries during only 
part of the year, usually are common or abundant for just a few months, 
and often require only two to six weeks for complete larval development. 
Thus, to obtain an accurate picture of the distribution and abundance 
of larvae in an estuary, the plankton should be sampled as often as 
possible, preferably weekly, for a year or more. For the present 
study, however, a weekly sampling program was found to be impractical 
for two reasons: (a) the area to be surveyed was so large as to make 
weekly sampling of all stations extremely difficult, and (b) the cost of 
a weekly sampling program to cover such a large area was prohibitive. 
Of necessity, then, the idea of weekly sampling was abandoned, and I 
decided to use monthly samples kindly made available to me by Dr. V. 
G. Burrell. While less definitive with regard to the appearance, abun-
dance and distribution of meroplanktonic larvae than would be more 
frequent samples, data derived from monthly samples taken over two com-
plete annual cycles provide a reasonably detailed overview of the dis-
tributional biology of the decapod larvae in the York River system and 
lower Chesapeake Bay. 
Planktonic stages representing some 37 species and genera of decapods 
were identifed in the present study. As expected, larvae were numerous 
during the summer months, with a wide variety of forms present at the 
bay and lower York River stations. However, larvae of Crangon septemspinosa 
were abundant in the bay from late winter throughout the spring, and peak 
numbers were generally of the same order of magnitude as total concentra-
tions of larvae of the other species in summer. Thus, f_. septemspinosa 
larvae contribute significantly to the meroplankton population of the 
bay, and the observed abundance of the larvae suggests the presence of a 
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large adult population within the bay. Few larvae of any species were 
present during late fall and early winter. 
The number of decapod species represented in the plankton decrea-
sed steadily with decreasing salinity, and the total time larvae were 
present in the plankton also decreased upriver. However, the peaks 
of larval abundance were of about the same order of magnitude through-
out most of the estuary. Only at the freshwater station (PSO) was a 
pronounced depression of abundance noted. 
A few species were recorded from the Chesapeake Bay area for the 
first time on the basis of larval stages collected during the present 
study. Collections of larvae of Callianassa spp. (other than C. 
atlantica), Lepidopa websteri (?), and Naushonia crangonoides provide 
the new records. It is possible that these larvae were swept into the 
bay from other areas by currents, but the presence in my collections 
of first stage larvae of all these species suggests that breeding popu-
lations may exist near or within the bay. Also, larvae of the mussel 
crab, Pinnotheres maculatus, were connnonly collected in the present 
study, although the crab previously has been reported from the Chesa-
peake region only twice (Wass, 1965). 
In addition to the new records of occurrence, it should be noted 
that several decapods recorded from the Chesapeake region were not 
represented by larvae in my collections. This is understandable for 
species such as Arenaeus cribrarius, Clibanarius vittatus, Portunus 
spp. and others which occur unconnnonly or rarely in or near the Bay. 
However, larvae of one species connnon to the lower bay area, Ocypode 
quadrata, were also absent from my samples. Large populations of .Q., 
quadrata occur on the sand beaches in the vicinity of the mouth of the 
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bay, and presumably these are breeding populations (I hav~ collected 
ovigerous females on Virginia's Eastern Shore during July). The species 
has a distinctive larva, and it is unlikely that I would have overlooked 
it or"misidentified it in the regular samples. However, I may have 
failed to notice these larvae in the Crustaceology Department's Bongo 
samples, which I examined only grossly. 
Because of the characteristic variability of physical factors in 
estuaries, it was expected that larvae tolerant of a fairly broad range 
of environmental conditions would be more abundant and more commonly 
collected in the estuary than would stenotolerant forms, and this was 
the general situation observed in the present study. Nearly all of the 
truly common larvae encountered here were broadly tolerant, while of 
the stenotolerant forms collected, only Callinectes larvae were ever 
abundant. Also, where data were available for comparison it was ob-
served that planktonic larvae in general exhibited peak abundance under 
temperature and salinity conditions similar to those indicated as optimal 
by laboratory studies. 
With the exception of£· septemspinosa, decapod larvae were generally 
most numerous at temperatures>20 C. Larvae of .9_. septemspinosa, however, 
were most abundant at temperatures of 15 to 20 C and were collected down 
to 1.5 C. Thus, peak spawning of this species in the Chesapeake Bay 
apparently occurs during winter and spring. Several other bay species 
(notably Cancer irroratus and Pagurus longicarpus) also may spawn in 
the spring, but peak spawning for most Chesapeake Bay decapods occurs 
in summer. 
Data collected in the present study were especially interesting 
with regard to abundance of xanthid crab larvae in the bay area. As 
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expected,-larvae of Neopanope texana sayi and Rhithropanopeus harrisii 
were abundant, the former at the polyhaline bay and lower York River 
stations and the latter in the oligo- and mesohaline upstream areas. 
Also, Panopeus herbstii larvae were commonly encountered throughout 
much of the estuary. However, the relative abundance of larvae of the 
other two bay xanthids, Eurypanopeus depressus and Hexapanopeus 
angustifrons, was unexpected. Wass (1965) stated that!· depressus 
was the most abundant xanthid on oyster bars and that!!.• angustifrons 
occurred uncommonly in the lower Bay. In contrast, E. depressus larvae 
were collected only rarely in the present study while larvae of H. 
angustifrons were abundant at the lower bay stations. The reasons for 
this reversal of the expected situation are not known, but one explana-
tion may be suggested. A few years before the present study was initiated, 
Van Engel, Dillon, Zwerner and Eldridge (1966) reported that ~Exothylacus 
panopaei, a parasitic cirripede, had been introduced into the Chesapeake 
Bay where it commonly parasitized E. depressus and R. harrisii. Since 
L. panopaei prevents the reproduction of its host, this introduced 
parasite may have caused a decline in the abundance of!· depressus 
in the bay area (Daugherty, 1969). The bay has been poorly studied with 
regard to the abundance and distribution of!!.• angustifrons, and the 
large numbemof larvae collected in the present study may only reflect 
the true abundance of this species in the Chesapeake region. 
Decapod larvae are apparently at the mercy of currents as far as 
horizontal displacement is concerned, and the distance that living lar-
vae may be transported from their parental populations in an estuary 
depends on (a) the magnitude of the horizontal currents, (b) the dis-
tribution of larvae with depth, (c) the tolerances and reactions of 
the larvae to changing environmental conditions, and (d) the duration 
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of planktonic life. In most two-layered systems such as the Chesapeake-
York-Pamunkey estuary, the overall net flow is seaward. Theoretically 
at least, this net seauard flow has the potential to remove the larvae 
of a given species from the estuary and thus perhaps prevent the larvae 
from replenishing the parental population. However, this picture is 
modified by the fact that while the overall net flow and the surface 
net flow are seaward, net flow at the bottom is landward. Thus, zoo-
plankters (including decapod larvae) could at least slow their expulsion 
from the estuary by spending much of their time in the bottom layer 
(Carriker, 1951; Woodmansee, 1966; and others). Such movements might 
be the result of behavioral responses to a number of stimuli, including 
salinity change, pressure change, turbidity, current velocity, and water 
density. Finally, unlike the case with many holoplankters, meroplank-
tonic decapod larvae need be retained within an estuary only long enough 
to allow them to metamorphose to typically non-planktonic postlarval 
stages. 
For most species of which all the larval stages were taken within 
the estuary, all stages or all except the early stages were considerably 
more abundant in bottom collections than at the surface in the present 
study. It thus appears likely that one of the factors operating to in-
sure retention of decapod larvae within the Chesapeake Bay is the ten-
dency of certain larvae to congregate near the bottom where net flow 
is landward. It should be noted, however, that my collections were 
regula.a::ly taken only in daylight. The results of my one 24-hour station 
indicated that larvae were more abundant near the bottom in darkness as 
well as in daylight, except at slack water before ebb tide at night when 
the greatest concentration of larvae seen during the 24-hour period was 
observed at the surface. Although this distribution clearly does not 
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fit the pattern of an upward movement on the flood tide and a downward 
movement on the ebb, I cannot reject the strong possibility that decapod 
larvae may move vertically to "ride" the tides.on the basis of these 
few data. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
GENERAL SUMMARY 
1. Provisional keys to the marine decapod crustacean zoeae of the 
Chesapeake Bay are presented. Zoeae of 50 species representing some 22 
families of natant and reptant decapods are included, and, of these, 
38 are identified specifically, the remaining 12 only to genus. Characters 
used to separate larvae in the keys include general appearance, carapace 
shape and armature, telson morphology, morphology of the abdomen, and, 
especially among the Brachyura, structure of the antenna. 
2. Provisional classification schemes for the different morpho-
logical types of antennae and telsons exhibited by Chesapeake Bay 
brachyuran larvae are given, and some potential uses of such schemes 
in taxonomic studies are discussed. 
3. A brief description, usually including one or more figures, of 
the larval stages of each species or genus in the keys is presented. 
4. The larval development of eight Chesapeake Bay decapod species 
for which the larvae were previously unknown was studied in detail. All 
larval stages of Ogyrides limicola and Libinia dubia and the first zoea 
of Arenaeus cribrarius are described from laboratory-reared specimens, 
and four larval stages of Callianassa sp. A(=~. major?), two of 
Callianassa sp. B (=~. atlan~?), one of Callianassa sp. C, four of 
Upogebia affinis, and three of Lepidopa websteri (?) are described from 
specimens taken from the plankton. 
416 
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5. Previous studies concerning the effects of temperature and 
salinity on larval development of Chesapeake Bay decapods were reviewed, 
and data concerning development of Crangon septemspinosa, Pagurus 
longicarpus, Polyonyx gibbesi, Cancer irroratus, Sesarma cinereum, 
Libinia dubia, Callinectes sapidus, Ovalipes ocellatus, Neopanope 
texana sayi, Hexapanopeus angustifrons, Panopeus herbstii and 
Rhithropanopeus harrisii are summarized. 
6. Larvae of Palaemonetes vulgaris were reared in the laboratory 
in a factorial experiment employing three temperatures (20, 25 and 30 C) 
and six salinities (5, 10, 15, 20, 25 and 30 0/00). Temperature and 
salinity exerted significant effects at the 1% level on survival of 
larvae through metamorphosis. The temperature-salinity interaction was 
also significant, but at the 5% level. Lowest survival occurred in 5 
o/oo at all temperatures. In higher salinities, survival at 20 and 25 C 
was similar and consistently high (>60%) but was significantly less at 
30 C in most salinities. Temperature and salinity also influenced the 
rate of larval development. Development at 20 C required nearly twice 
the time as that at 25 and 30 C, but a retarding effect of salinity was 
slight and evident only at low salinities (5 and 10 0/00). Considerable 
variation in the number of larval instars was observed among animals 
which survived to the postlarval stage. Metamorphosis occurred as early 
as the fifth molt and as late as the twelfth. Salinity and temperature-
salinity interaction had no detectable influence on the number of instars, 
but the effect of temperature was significant at the 1% level. Larvae 
reared at 25 C passed through fewer molts prior to metamorphosis than 
did those reared at 20 and 30 C. Considering survival, rate of develop-
ment and number of instars, optimal conditions for larval development 
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occurred at a moderate temperature of about 25 C and a wide range of 
salinity (10 to 30 0/00). 
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7. Planktonic stages representing 37 genera and species of decapods 
were identified in surface and bottom plankton samples taken with a Clarke-
Bumpus Quantitative Plankton Sampler at monthly intervals over a two-year 
period and in occasional samples taken with BCF Bongo samplers. Most 
samples were collected at 12 stations spread over a distance of about 
80 miles from freshwater in the Pamunkey River, through the meso- and 
polyhaline York River to euhaline conditions at the mouth of Chesapeake 
Bay. 
8. Decapod larvae were numerous throughout the estuary during the 
summer months. However, larvae of Crangon septemspinosa were abundant 
in the bay from late winter throughout the spring, and peak numbers were 
generally of the same order of magnitude as total concentrations of lar-
vae of the other species at the bay stations during summer. 
9. The number of decapod species represented in the plankton de-
creased steadily in a linear fashion with decreasing salinity, and the 
total time larvae were present in the plankton also decreased upriver. 
10. Larvae of Uca spp., Crangon septemspinosa, Hexapanopeus 
angustifrons, Neopanope texana sayi and Rhithropanopeus harrisii were 
abundant in the µlankton of the York River system and Chesapeake Bay, 
and larvae of numerous other species were commonly encountered. 
11. Callianassa spp. (other than f.. atlantica), Lepidopa websteri (?) 
and Naushonia crangonodies are recorded from the Chesapeake Bay for the 
first time on the basis of larvae collected in the present study. 
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12. Larvae of Eurypanopeus depressus, formerly one of the abundant 
mud crabs of the bay, were rarely found while those of Hexapanopeus 
angustifrons, considered uncommon in the bay, were abundant. It is sug-
gested that the introduced parasite of E. depressus, Loxothylacus 
panopaei, may have caused a decline in the abundance of!• depressus by 
preventing its reproduction and that this decline was reflected in the 
scarcity of E. depressus larvae in the plankton. The lower bay has never 
been adequately sampled for!!.• angustifrons, and the unexpected abundance 
of these larvae seen in the present study may only reflect the true 
f - -~ 
abundance of this species in the bay. 
13. All stages or all except the early stages of most connnon species 
were considerably more abundant in bottom collections than near the sur-
face. Thus, one of the factors operating to insure retention of decapod 
larvae within the Chesapeake Bay probably is the tendency of certain 
larvae to congregate near the bottom where net flow is upstream. 
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Comparison of Survival and Developmental Rates of Palaemonetes vulgaris 
Larvae Reared at Different Temperatures and Salinities 
(Z = zoea; PL= postlarva) 
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Appendix A, Comparison of survival and developmental rates of Palaemonetes vulgaris larvae reared at different temperatures .and salinities. 
(Z • zoea; PL• poetlarva) 
TemEcrature 20 C 25 C 
Salinity 0t0 o Salinity 0/ 00 
Molt ~n. Holt Results 5 10 15 20 25 30 5 10 15 20 25 30 5 
Z I Survival (7.) 11. l 100.0 100.0 100.0 100.0 100.0 72.3 100.0 100.0 100.0 100.0 100.0 11.l 
l to (No.) 2 18 18 18 18 18 13 18 18 18 18 18 2 
zn Age, Mean (Days) 4,0 3,0 3,0 3,0 3,0 3,0 2,8 2,0 2,0 2,0 2,0 2,0 2,0 
Range (Daya) 
-- -- -- -- -- --
2-7 
Z II Survival (7.) 0 100.0 100.0 100.0 100.0 100.0 27.8 100.0 100.0 100.0 100.0 100.0 0 
2 to (No.) 0 18 18 18 18 18 5 18 18 18 18 18 0 
Z III Age, Hean (Daya) 
--
6,5 6.0 6,0 6,0 6,0 6,2 3,8 3.1 3.2 3,4 3,3 --
Range (Days) 
--
6-9 
-- -- -- --
4-9 J-4 J-4 J-5 3-4 3-4 
Z 11I Survivlll (7.) 0 88.9 100.0 100.0 100.0 100.0 22.2 100.0 100.0 100.0 100.0 100.0 0 
3 to (No.) 0 16 18 18 18 18 4 18 18 18 18 18 0 
ZIV Age, Mean (Days) 
--
9.8 9,1 9,0 9,0 9.0 9,8 5.8 5,1 5.2 5.3 5.3 --
Range (Days) 
--
9-12 9-10 
-- -- --
8-13 4-6 5-6 · 5-7 5-6 5-6 --
ZIV Survival (7.) 0 88.9 100.0 100.0 100.0 100.0 22.2 100.0 100.0 100.0 100.0 88.9 0 
4 to (No.) 0 16 18 18 18 18 4 18 18 18 18 16 0. 
Z V Age, Mean (Days) 
--
13,5 12,3 12,0 12.0 12.0 11,8 7.8 7.1 7,2 7.3 7,3 --
· Range (Days) 
--
12-16 12-17 
-- -- --
10-15 7-8 7-8 7-9 7-8 7-9 --
30 C 
Salinity 
10 15 20 
100.0 94.5 100.0 
18 18 18 
2,0 2.0 2.0 
100.0 88.9 100.0 
18 16 18 
3,0 3.0 3.0 
100.0 83.4 94.5 
18 15 17 
4,9 4.3 4,1 
4-5 4-5 4-5 
94.5 83.4 94.5 
17 15 17 
6,9 6,3 6.l 
6-7 6-7 6-7 
0
100 
25 
100.0 
18 
2.0 
100.0 
18 
3.0 
100.0 
18 
4.2 
~-5 
100.0 
18 
6.1 
6-7 
30 
100.0 
18 
2.0 
100.0 
18 
3,0 
100.0 
18 
4.2 
4-5 
94.5 
17 
6.0 
.i:,,. 
1'.) 
I-' 
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Tem!!eratur<! 20 C 
Salinity0/oo 
Mnl r t:n. Mo\ t Results 5 10 15 20 25 30 5 
Z V Survival (7.) 0 88.9 100.0 100.0 100.0 100.0 16.7 
to (No.) 0 16 18 18 1.8 18 3 
Z VI Age, Hean (Days) .. 17.4 16.2 15,4 1S,2 15,1 12.7 
Ranze (Days) .. 16-20 15-21 15-19 15-16 15-16 12-13 
~ 
Z V Survival ('.t) 0 0 0 0 0 0 ·S.56 
to (No.) 0 0 0 0 0 0 1 
PI. Age, Mean (Days) .. 
-· 
.. 
--
.. .. 22.0 
Ran~e (Days) .. .. .. .. 
---
Z VI Survival (%) 0 83.4 94.S 94.5 94.5 100.0 16.7 
to (No.) 0 15 17 17 1_7 18 3 
Z VII Age, Mean (Days) .. 21.4 20,l 19,1 19,1 18.7 14.7 
Range (Days) .. 20-25 18-25 18-23 18-20 18-19 14-15 
f, 
Z VI Survival (7.) 0 0 0 0 0 0 0 
to (No.) -o 0 0 0 0 0 0 
PL Age, Hean (Daya) 
-- -- -- -- -- -- --
Range (Daya) 
.. 
25 C 
Salinity0 / oo 
10 15 20 25 30 
100.0 100.0 100.0 94.S 88.9 
18 18 18 17 16 
10.0 9,2 ·9,2 9.4 9,3 
9-11 9-10 9-11 9-10 9-11 
0 0 0 0 0 
0 0 0 0 0 
94.5 100.0 94.5 94.5 83.4 
17 18 17 17 15 
12.4 11.2 11,l 11,5 11,2 
11-13 11-12 11-12 11-13 11-12 
5.6 0 0 0 5.6 
1 0 0 0 l 
15,0 
-- -- --
15.0 
5 10 
0 94,S 
0 11· 
.. 9,0 
.. 8-11 
0 0 
0 0 
0 66.7 
0 12 
.. 10,8 
,.. 9-11 
0 0 
0 0 
30 C 
SalinityO/ oo 
15 20 25 
66.7 88.9 100.0 
. 
12 16 18 
8.3 8.1 7,9 
8-9 8-9 7-9 
0 0 0 
0 0 0 
55.6 83.4 94.5 
10 15 17 
1.0.6 10,0 9.9 
10-11 9-11 9-11 
0 0 0 
0 0 0 
30 
94.S 
17 
7.7 
7-B 
0 
0 
88.9 
16 
9.7 
9-10 
0 
0 
~ 
N 
N 
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Tr.m ernture 20 C 
Salinity0 /oo 
Mui t l?n. M,1! t Results -5 10 15 20 25 30 5 10 
Z VII Survival (7.) 0 83.4 50.0 83.4 83.4 94.5 5.6 50.0 
to (No.) 0 15 9 15 15 17 l 9 
Z VIII Age, Mean · (D3ys) .. ~5.4 23,3 22,8 22.9 22,1 18,0 14,7 
Range (Days) .. 24-29 23-24 22-24 22-24 21-23 . 
--
14-16 
7 
Z VII Survival (7.) 0 0 33.4 11,l 11.l 5.6 0 33.4 
to (No,) 0 0 6 2 2 l 0 6 
PL Age, Mean (Days) 
-· --
26.7 26,0 25.5 23,0 
·-
16.3 
Range (Days) 
--
.. 24-30 24-28 25-26 
-- --
14-17 
--
Z VIII Survival (7,) 0 38.9· 16,7 44.5 so.o 55,6 0 27.8 
to (No.) 0 7 3· 8 9 10 0 5 
Z IX Age, Mean (Days) 
--
29.0 27,3 26,4 26.6 25.3 
--
17,4 
Range (Days) 
--
28-30 27-28 25-27 25-28 24-27 
·-
16-18 
8 
Z VIII Survival (%) 0 44.5 33.4 33.4 22.2 33.4 5.6 16.7 
to (No.) 0 8 6 6 4 6 1 3 
PL Age, Mean (Daya) 
--
30,9 · 28,3 27,5 27.5 27,2 21,0 17.3 
Range (Days) 
--
29-35 27-30 27-28 27-28 26-28 
--
17-18 
.. 
25 C 
S:ilinity0 / oo 
15 20 25 30 5 
50.0 55.6 50.0 27.8 0 
9 10 9 5 0 
13,3 13.5 13.8 13.4 
--
13-14 13-16 13-16 13-14 
--
38.9 33.4 44,5 33.4 0 
7 6 8 6 0 
14.6 14,0 14,8 14.2 
--
14-15 
--
14-16 14-15 
--
5.6 22.2 33.4 16.7 0 
1 4 6 3 0 
15.0 15,3 16.2 16,0 
--
.. 15-l& 15-18 
·- --
38.9 22.2 16.7 11.l 0 
7 4 3 2 0 
17,0 16,8 16,0 16.5 
--
16-18 16-17 .. 16-17 
--
'I 
10 15 
61.2 33.4 
11 6 
12.9 12.7 
12-15 12-14 
0 5.6 
00 l 
--
15.0 
-- --
44.5 22.2 
8 4 
14.6 14,5 
13-15 14-16 
0 5.6 
0 l 
--
16,0 
--
.. 
30 C 
Salinity 0 / 00 
20 25 
55.6 66.7 
10 12 
11.9 11.8 
ll-13 ll-13 
22.2 5.6 
4 l 
13.0 13.0 
-- --
16.7 38.9 
3 7 
14.0 13.6 
--
13-14 
33.4 5.6 
6 l 
15.0 15.0 
14-16 
·-
30 
77.8 
14 
11.6 
10-12 
11. l 
2 
13.5 
13-14 
44.5 
8 
13.3 
12-14 
22.2 
4 
15.3 
15-16 
~ 
~ 
w 
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Temperature 20 C 
Salinity0/ 0 o 
~h•l I No. Molt Results 5 10 15 20 25 30 5 
Z IX Surv1val (7.) 0 11,l 5.6 22,2 27.8 27,8 0 
to (No.) 0 2 l 4 5 5 0 
Z X Age, Mean (Days) 
--
33.0 32.0 30,8 29,6 28,4 
--
Range (Days) 
--
32-34 
--· 
30-31 28-31 27-29 
--
9 
Z IX Survival (7,) 0 22.2 11.l 22,2 16,7 22.2 00 
to (No.) 0 4 2 4 3 4 0 
PL Age, Mean (Days) 
--
34.8 32,0 30,8 32,3 29,5 
--
Range (Days) 
--
33-36 
--
30-32 31-33 28-31 
--
-
Z X Survival {7.) 0 0 0 5,6 5.6 0 0 
to (No.) 0 0 0 l l 0 0 
Z XI Age, Mean (Days) 
-- -- --
34,0 35,0 
-- --
Range (Days) 
-- -- -- -- -- -- --
10 
Z X Survival (7.) 0 11.l 5,6 16,7 22,2 22,2 0 
to (No.) -o . 2 l 3 4 4 0 
PL Age, Mean (Days) 
--
38.0 37,0 35,0 34.0 33.0 
--
Range (Daya) .. 37-39 
--
34-36 32-35 31-34 
--
.. 
25 C 
Salinity0/ 00 
10 15 20 25 30 
5,6 0 11.l 16,7 11.1 
1 0 2 3 2 
19,0 
--
17,0 18,7 18,0 
-- -- --
17-20 
--
16,7 5,6 11,1 11, l 5.6 
3 1 2 2 l 
21,7 18,0 18,5 19,5 19.0 
20-23 
--
18-19 18-21 
--
0 0 5.6 5.6 5,6 
0 0 l l 1 
-- --
19,0 23.0 21,0 
-- --
-·-: 
5,6 0 5,6' 5,6 5,6 
1 0 l 1 l 
23.0 
--
20,0 20.0 21.0 
-- -- -- -- --
" 
5 10 -
0 16,7 
0 3 
--
16,7 
--
16-17 
0 .11. l 
0 2 
--
16.5 
--
16-17 
0 5.6 
0 1 
--
19.0 
0 5.6 
0 l 
--
19.0 
-- --
30 C 
Salinity 0/ Cl> 
15 20 
11.1 5.6 
2 1 
17,0 16.0 
16-18 
--
11.1 11.1 
2 2 
17.0 16.5 
--
16-17 
0 0 
0 0 
5,6 5.6 
1 l 
21,0 18,0 
-- --
25 
ll.l 
2 
15,5 
15-16 
16.7 
3 
16.3 
16-17 
0 
0 
11. l 
2 
18,0 
·11-19 
30 
5.6 
1 
15.0 
38.9 
7 
16.3 
15-17 
0 
0 
0 
.o 
~ 
N 
~ 
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Temperature 20 C 
Salinity6 / 00 
Holt No. Mo! t Results 5 10 15 20 25 30 
Z XI Survival (7.) 0 0 0 0 5.6 0 
to (No.) 0 0 0 0 l 0 
7. XII Ai;e, Mean (Days) 
-- -- --· --
39.0 
--
Range (Days) 
11 
Z XI Survival (7.) 0 0 0 S.6 0 0 
to (No.) 0 0 0 1 0 0 
Pt .\ge, Mean (Days) 
-- -- --
39,0 
Range (Days) 
-
Z XII Survival ('1.) 0 0 0 0 0 0 
to (No.) 0 0 0 0 0 0 
Z XIII 'Age, Mean (Days) 
-- -- -- -- -- --
Range (Days) 
12 
Z XII Survival (7.) 0 0 o· 0 0 0 
to (No.) 0 0 0 0 0 0 
Pt . Age, Mean (Days) 
-- -- -- -- -- --
Range (D.1ys) 
.. 
25 C 
Salinity6/ 00 
5 10 15 20 25 
0 0 0 5.6 5,6 
0 0 0 l 1 
-- --
21.0 26.0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 5.6 
0 0 0 0 1 
-- -- -- --
28.0 
0 0 0 5.6 0 
0 0 0 l 0 
-- -- --
25,0 
' 
30 5 10 15 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 .0 0 
-
0 0 0 0 
0 0 0 0 
-- -- --
0 0 0 0 
0 0 0 0 
30 C 
Salinity O / oo 
20 25 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
-- --
0 0 
0 0 
30 
0 
0 
0 
0 
0 
0 
0 
0 
.s:,. 
N 
\JI 
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Appendix B 
Abundance of Decapod Larvae in Monthly Samples, 
January 1968 - December 1969 
Hydrographic data for each station at one meter below the surface 
and one meter above the bottom are given for 1968 and 1969. Tide stage 
is coded as follows: 1 = Early Flood, 2 = Maximum Flood, 3 = Late Flood, 
4 = Slack Before Ebb, 5 = Early Ebb, 6 = Maximum Ebb, 7 = Late Ebb, 8 = 
Slack Before Flood. Sea condition is coded also: 1 = 0-2 Beaufort scale, 
2 = 3 Beaufort scale, 3 = 4 Beaufort scale, 4 = 5 Beaufort scale. 
Concentrations of decapod larvae are expressed as numbers per 1000 
liters of water (no./1000 liters). The total concentration of larvae 
in each sample is given, and the concentration of larvae of each species 
represented in the sample also is recorded. Larvae referred to as "unident." 
were too damaged to allow generic or specific designation; PL= postlarva, 
M = megalopa. Data for each station and depth are summarized separately. 
426 
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Station AOS Surface January 1968 - December 1968 
Jan. Feb. Mar. Apr. May June July Aug. 
Salinity (o/oo) -- -- -- -- -- 22.35 21.81 25.26 
Temperature (C) -- -- -- -- -- 23.l 25,8 25.3 
Dis. Oxygen (mg/1) -- -- -- -- -- 7.43 7~90 7.17 
Sea Conditions -- -- -- -- -- 1 1 1 
Secchi disc. vis. (m) -- -- -- -- -- 4.3 2.0 4.4 
Tide Stage -- -- -- -- -- 7 2 3 
Decapoda (No./1000 liters) 
Total larvae 
-- -- -- -- --
29.37 288.12 463.00 
Lucifer faxoni 
-- -- -- -- -- -- -- --
Palaemonetes spp. 
Alpheus normanni -- -- -- -- -- -- -- 0.91 
Hippolyte £leuracantha 
Crangon seEtemsFinosa 
-- -- -- -- --
0.28 
-- --
Upogebia affinis 
-- -- -- -- --
1.12 
--
2.74 
Emerita talpoida 
Pagurus longicai:J?US 
-- -- -- -- -- -- -- --
E'ucera:.~us praelongus 
-- -- -- -- -- -- -- --
Polyonyx gibbesi 
-- -- -- -- -- -- -- --
Unident. porcellanid 
Cancer irroratus 
-- -- -- -- -- -- -- --
Libinia spp. 
Uca spp. 
-- -- -- -- --
0.28 2.40 5.47 
Pinnixa chaetopterana 
-- -- -- -- -- --
0.80 
~. cylindrica 
_!:. sayana 
-- -- -- -- -- --
a.Bo 
Pinnotheres maculatus 
-- -- -- -- -- -- --
0.91 
Callinectes sapidus 
-- -- -- -- --
27.69 276,94 420.10 
Ovalipes ocellatus 
-- -- -- -- -- -- --
0.91 
Hexapanopeus a.ngustifrons --
-- -- -- -- --
7.18 27.40 
Neopanope texana sayi 
-- -- -- -- -- -- --
1.82 
Panopeus herbstii 
-- -- -- -- -- -- --
l.83 
Unident. ~nthid 
-- -- -- -- -- -- --
0.91 
Lucifer faxoni PL 
-- -- -- -- -- -- -- --
Sept. Oct. 
25.54 29.27 
24.2 20.8 
6.86 7.47 
1 1 
1.3 2.6 
l 2 
12.81 1.19 
0.28 
--
-- --
--
0.24 
1.39 
0.28 0.53 
0.28 
2.78 
0.28 
5.29 0.24 
l.95 0.24 
0.28 
--
0.72 
Nov. 
31.73 
15.6 
7.66 
1 
3.5 
2 
0.20 
0.20 
--
Dec. 
24.93 
6.5 
10.00 
1 
1.5 
7 
o.68 
o.68 
~ 
N 
"' 
R
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-Station A05 Surface January 1969 - December 1969 
Jan. Feb. t;f.ar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 30.02 28.20 27.20 30.21 27.46 28.92 28.20 25.69 24.12 27.28 
--
29.46 
Temperature (C) 5.5 4.l 3.9 10.8 15.5 21.5 25.6 25.4 25.3 20.0 -- 10.5 
Dis. Oxygen (mg/1) 9.20 10. 79 10.52 8.98 7.88 6.92 6.93 7.02 
--
7.40 
--
8.30 
Sea Conditions 1 1 2 1 1 2 l 3 3 4 5 4 
Secchi disc. vis. (m) 3.0 4.o l.O 3.6 2.8 3.0 2.2 2.0 l.8 l.2 -- l.l 
Tide Stsge 5 7 2 3 7 7 8 8 6 7 -- 1 
Decapoda (Ifo. /1000 liters) No 
Total larvae o.oo o.oo o.oo o.oo 13.98 27.08 43.75 20.43 5.67 7.20 Sample 0.00 
Lucifer faxoni 
-- -- -- -- -- -- -- -- --
l.92 
Palaemonetes spp. 
-- -- -- -- --
.o.42 
Alpheus normanni -- -- -- -- -- -- -- 2.04 
Hippolyte pleuracantha 
-- -- -- -- --
o.42 
Cran~on septemsPinosa 
-- -- -- --
13.56 4.65 
-- -- --
0.72 
Upogebia affinis 
-- -- -- -- -- --
0.78 5.11 1.62 0.96 
Emerita talpoida 
-- -- -- -- -- --
0.39 
Pagurus longicarpus 
-- -- -- -- -- -- --
0.51 
--
o.48 
Euceramus praelongus 
-- -- -- -- --
o.42 0.79 
Polyonyx gibbesi 
Unident. porcellanid 
Cancer irroratus 
-- -- --· --
o.42 o.42 0.39 
-- --
0.24 
Libinia spp. 
-- -- -- -- -- -- -- -- --
0.24 
Uca spp. 
-- -- -- -- -- --
1.96 1.02 
--
0.24 
Pinnixa chaetopterana 
-- -- -- -- -- --
2.76 
.!:_. cylindrica 
-- -- -- -- -- -- -- -- --
0.24 
P. sayana 
Pinnotheres maculatus 
Callinectes sapidus 
-- -- -- -- --
18.64 33.53 4.60 4.05 
Ovalipes ocellatus 
-- -- -- -- --
o.42 
-- -- --
0.96 
Hexapanopeus angustifrons 
-- -- -- -- --
1.27 1.58 5.11 -- 1.20 -- -- ~ 1',) 
Neopanoue texana sayi 
--
o.42 1.57 1.53 00 
-- -- -- --
Panopeus herbstii 
Unident. ~nthid 
-- -- -- -- -- -- --
0.51 
Lucifer faxoni PL 
-- -- --
-- -- -- -- -- --
5.03 
R
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_ Station A05 Bottom January 1968 - December 1968 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 
-- -- -- -- -- 30.85 30.19 31.19 29.50 31.01 31.78 31.45 
Temperature (C) 
-- -- -- -- --
18.3 22.8 22.3 23.9 20~5 14.o 7.9 
Dis. Oxygen (mg/1) 
-- -- -- -- --
Decapoda (No./1000 liters} 
6.67 6.15 6.81 6.14 6.oo 7.64 8.70 
Total larvae 
-- -- -- -- -- 35.00 83.95 196.16 92.68 6.90 4.14 o.oo 
Lucifer faxoni 
-- -- -- -- -- -- -- --
0.82 
--
2.76 
Palaemonetes spp. 
-- -- -- -- -- -- -- --
o.41 
Hippolyte pleuracantha 
-- -- -- -- -- -- -- --
o.41 
Crm~on _septernspinosa 
-- -- -- -- --
2.50 4.88 1.92 o.41 
Callianassa sp. B 
Ubogebia affinis 
-- -- -- -- -- --
4.88 2.87 5.77 
Emerita talpoida 
-- -- -- -- -- --
2.93 
Pagurus longicarpus 
-- -- -- -- -- --
0.98 1.91 2.88 3.63 0.69 
P. pollicaris 
-- -- -- -- -- -- --
l.91 1.65 0.36 
Euceramus praelongus 
-- -- -- -- -- --
0.98 1.91 3.30 1.82 
Polyonyx gibbesi 
-- -- -- -- -- -- -- --
o.41 
Unident. porcellanid 
-- -- -- -- -- -- -- --
0.82 
Cancer irroratus 
-- -- -- -- -- -- -- --
o.41 0.73 
Sesarma reticulatum 
-- -- -- -- -- --
0.98 
Libinia spp. 
-- -- -- -- -- -- -- --
1.65 
Uca spp. 
-- -- -- -- -- --
13.66 45.93 2.05 
Pinnixa chaetopterana 
-- -- -- -- -- --
6.83 
--
0.82 
_!:. cylindrica 
-- -- -- -- -- --
2.93 0.96 0.82 
P. sayana 
-- -- -- -- -- --
1.96 
--
1.23 
Pinnotheres maculatus 
P. ostreum 
-- -- -- -- -- --
0.98 
-- --
0.36 
Callinectes sapidus 
-- -- -- -- --
32.50 21+.39 11.48 0.82 
--
0.69 
Ovalipes ocellatus 
-- -- -- -- -- -- --
0.96 4.94 
Hexauanoueus angustifrons --
-- -- -- -- --
15.61112.91 42.48 
Neopanope texana sayi 1.96 1.91 16.48 .i::,. 
-- -- -- -- -- -- -- -- --
N 
Panopeus herbstii 10.53 0.82 \0 
-- -- -- -- -- -- --
Unident. xanthid 
-- -- -- -- -- -- --
0.96 2.46 
Unident. Brachyura 
-- -- -- -- -- -- -- --
o.41 
Lucifer faxoni PL 
-- -- -- -- -- -- -- -- -- --
1.38 
Brachyuranmegalopae 
-- -- -- -- -- -- -- --
o.41 
R
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Station A05 Bottom January 1969 - December 1969 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 30.01 31.10 31,20 31.78 32.03 30.73 32.34 30.24 31.86 31.13 
--
30.30 
Temperature (C) 4.9 4.3 3,3 8.2 13.0 19.4 20.8 21.7 21.9 19.-8 
--
10.2 
Dis. Oxygen (mg/1) 8.74 10.00. 10,-05 6.58 7.86 7.02 7.09 5.49 
--
7.00 
--
9.10 
Decapoda (No./1000 liters) No 
Total larvae 7.08 1.93 o.44 4.38 89.12 12.27 10.33 19.64 5.80 14.41 Sample o.oo 
Lucifer faxoni 
Palaemonetes spp. -- -- -- -- -- -- o.4o 
HiPEolyte pleuracantha 
-- -- -- -- -- -- --
0.70 
Crms;on _septemspinosa 5.31 1.45 o.44 4.38 8~-.59 3.07 1.19 
Callianassa sp. B -- -- -- -- -- -- o.4o 
Upogebia affinis 
-- -- -- -- -- -- 1.19 9.82 0.58 
Emerita talpoida 
Pagurus longicarpus 
-- -- -- --
1.21 
-- 0.79 -- 1.45 
!:_. pollicaris -- -- -- -- -- 0.38 -- -- 0.29 3.60 
Euceramus praelongus 1.77 
-- -- -- -- 5,77 0.80 2.11 0.58 
Polyonyx gibbesi 
Unident. porcellanid 
Cancer irroratus 
-- -- -- --
3.32 0.38 
Sesarma reticulatum 
Libinia spp. 
-- -- -- -- -- --
o.4o 
Uca spp. 
-- -- -- -- --
0.76 0.79 o. 70 
Pinnixa chaetopterana 
-- -- -- -- -- --
0.80 0.70 1.16 
!:_. cylindrica 
-- -- -- -- -- -- -- -- --
5.41 
P. sayana 
Pinnotheres maculatus 
--
o.48 
P. ostreum 
-- -- -- -- -- -- -- --
0.29 
Callinectes sapidus -- -- -- -- -- -- o.4o 0.70 0.29 
Ovalipes ocellatus 
-- -- -- -- -- -- -- --
0.29 
Hexapanopeus angustifrons --
-- -- -- --
1.15 2.37 3,51 -- 3.60 
Neopanope texana sayi -- -- -- -- -- 0.76 o.4o 1.40 0.58 -- -- -- ~ w 
Panopeus herbstii 
-- -- -- -- -- --
o.4o 
--
0.29 
--
0 
Unident. xanthid 
-- -- -- -- -- -- -- -- --
1.80 
Unident. Brachyura 
Lucifer faxoni PL 
-- -- -- -- -- -- -- -- --
3.60 
Brachyuranmegalopae 
R
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Station COO Surface January 1968 - December 1968 
Jan. Feb. Mar. Apr. :tliay June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 27.36 26.99 24.26 25.01 22.18 
--
20.30 22.04 25.60 22.68 27.40 24.03 
Temperature (C) 2.5 3.1 6.2 9.8 16.1 23.4 26.1 25.8 23.8 20.7 14.5 6.2 
Dis. Oxygen (mg/1) 10.81 -- 10.96 10.06 7.64 7 .. 39 7.34 7.19 7.24 8.59 8.20 10.30 
Sea Conditions 1 2 1 1 2 1 1 1 2 1 1 1 
Secchi disc vis.(m) 1.6 1.5 1.2 2.0 4.o 4.l 2.6 2.2 2.0 . 2.6 1.5 2.6 
Tide Stage 5 2 2 5 7 6 8 1 1 1 1 7 
Decapoda (No./1000 liters) 
Total larvae o.oo 20.34 o.oo 3.63 702.34 27.33 62 • 06 331.11 11.37 2.06 o.49 o.46 
Lucifer faxoni 
-- -- -- -- -- -- -- -- -- --
0.33 
Palaemonetes spp. 
-- -- -- -- -- -- --
0.96 o.45 
Alnheus normanni -- -- -- -- -- -- -- 5.74 
A, sp. ( 11het erochaelis 11 ) -- -- -- -- -- -- -- 0.96 
Hipuolyte pleurantha 
Crmgon sentems:einosa 
--
20.34 
--
3,63 700.37 
-- -- -- -- --
0.16 o.46 
Callianassa sp. B 
Unogebia affinis 
-- -- -- -- -- --
1.40 7.66 0.61 
Pagurus longicarpus 
-- -- -- --
1.97 -- 0.70 -- 0.15 
~- ,;pollicaris 
Euceramus praelongus 
-- -- -- -- -- -- -- --
1.08 0.26 
Polymyx gibbesi 
-- -- -- -- -- --
o. 70 
-- --
1.28 
Unident. procellanid 
-- --
Cancer irroratus 
Libinia spp. 
Uca spp. 
-- -- -- -- -- --
4.88. 44.98 0.61 
Pinnixa chaetopterana 
-- -- -- -- -- --
1.40 
~. sayana -- -- -- -- -- -- 0.70 0.96 -- 0.26 
Unident. Pinnixa 
-- -- -- -- -- --
0.70 
Pinnotheres maculatus 
P. ostreum 
Callinectes sapidus 
-- -- -- -- --
26.90 36.93 20.10 2.00 
Ovalipes ocellatus 
-- -- -- -- -- -- -- --
0.62 
Hexauanoneus angustifrons --
-- -- -- --
o.43 11.16 237. 31 3.09 
Neopanope texana sayi 
-- -- -- -- -- --
2.79 2.87 2.15 0.26 -- -- ~ 
8.61 w Panopeus herbstii 
-- -- -- -- -- -- -- -- -- -- --
f-l 
Unident. xanthid 
-- -- -- -- -- --
o. 70 0.96 0.15 
Brachyuranmegalopae 
-- -- -- -- -- -- -- --
0.31 
Lucifer faxoni PL 
-- -- -- -- -- -- ·-- -- --
2.55 
Penaeus PL 
--
-- -- -- -- --
-- --
0.15 
R
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Station COO Surface January 1969 - December 1969 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 29.78 27.00 27.60 27.06 25.15 27.26 24 . 83 . 25 • 77 22~37 27.56 25.49 26.04 
Temperature (C) 5.6 4.2 3.9 l0.4 16.3 22.4 27.9 25.9 26.5 20.2 14.4 9.3. -
Dis. Oxygen (mg/l) 9.22 8.62 l0.41 9.04 7.68 7.12 7.27 4.74 
--
10.09 7.76 9.30 
Sea Conditions 1 3 2 1 l 2 1 3 l l 4 3 
Secchi disc vis.(ru) 2.2 2.0 1.0 2.5 2.6 2.6 l.6 2.0 l.2 l.3 l.9 l.1 
Tide Stage 3 2 1 2 6 7 7 7 5 6 5 5 
Decapoda (No./1000 liters) 
Total larvae 0.81 9!55 5.16 o.68 44.24 10.15 30.07 u9.76 7.84 0.55 o.oo 0.00 
Lucifer faxoni 
Palaemonetes spp. 
-- -- -- -- -- -- --
1.38 
Alnheus normanni 
-- -- -- -- -- -- --
o.46 
!:_. sp. ( 11heterochaelis") 
Hipnolyte pleurantha 
-- -- -- -- -- -- --
o.46 
Crmgon se:2tems;einosa . 0.81 9.55 5.16 o.68 41.16 1.27 
Callianassa sp. B 
-- -- -- -- -- --
0.58 o.46 
Upogebia affinis 
-- -- -- -- -- --
0.58 4.13 0.98 
Pagurus longicarpus 
-- -- -- --
2.20 o.42 3.47 0.92 
_!:. pollicaris 
-- -- -- -- -- --
0.58 
Euceramus praelongus -- -- -- -- -- 3.81 2.31 38.07 1.96 
Polymyx gibbesi 
-- -- -- -- -- -- --
l.38 
Unident. procellanid 
-- -- -- -- -- -- --
0.92 
Cancer irroratus 
-- -- -- --
o.88 
--
0.58 
-- --
0.55 
Libinia spp. 
-- -- -- -- -- -- l.73 
Uca spp. 
-- -- -- -- -- --
2.89 6.89 0.98 
Pinnixa chaetonterana 
-- -- -- -- -- --
12.72 14.69 0.98 
P. sayana 
-- -- -- -- -- --
0.58 9.17 
Unident. Pinnixa 
-- -- -- -- -- -- --
l.38 
Pinr.otheres maculatus 
-- -- -- -- -- -- --
l.84 o.49 
P. ostreum 
-- -- -- -- -- -- --
o.46 
Callinectes sapidus 
-- -- -- -- --
o.42 0.58 7.80 
Ovalipes ocellatus 
Hexananoneus angustifrons --
-- -- -- --
o.42 3.47 21.09 o.49 
Neonanope texana sayi 
-- --·~ -- -- -- 3.81 -- 7.80 0.98 -- -- -- .i:,.. I.,.) 
Panopeus herbstii -- -- -- -- -- -- -- -- I-.) 
Unident. xanthid 
Brachyuranmegalopae 
-- -- -- -- -- -- --
o.46 0.98 
Lucifer faxor.i PL 
-- -- -- -- -- -- -- -- --
l.10 
Penaeus PL 
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Station COO Bottom January 1968 - December 1968 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 23.85 28.37 28.84 29.39 28.71 29.l.8 24.70 29.50 29.10 28.80 31.24 29.31 
'l'emperature ( C) 1.5 3.8 6.3 9.l 15,0 20.5 24.o 23.5 23.6 20.l 13,6 7,0 
Dis. Oxygen (mg/1) 10.28 
--
9,94 9.6b 7.68 6.81 5,74 6.45 7.04 6.oo 7.48 9.00 
Decapoda (No./1000 liters) 
Total larvae 2.14 5.57 75,35 68.93 47.24 o.oo 276.86 63. 92 151. 87 4.68 3.14 0.82 
Lucifer faxoni 
-- -- -- -- -- -- -- --
0.54 
-- l.57 
Palaemonetes spp. 
-- -- -- -- -- -- --
0,74 
Hinpolvte pleuracantha 
-- -- -- -- -- -- -- --
0.54 0.52 1.05 
Cran~on s~Etemsninosa 2.14 5,57 75,35 68.98 44.09 -- 1.22 0.74 -- -- 0.52 0.82 
Callianassa sp. B 
-- -- -- -- -- -- --
0.74 
Uuogebia affinis 
-- -- -- -- -- --
4.88 2.98 14.60 
Emerita talpoida 
Pagurus longicarpus 
-- -- -- --
3,15 
--
3.66 4.46 0.54 1.56 
f, pollicaris 
Eucera.mus uraelongus 
-- -- -- -- -- --
3,66 1.49 9,73 1.56 
?olyonyx gibbesi 
-- -- -- -- -- --
1.22 
--
0.54 
Unident. porcellanid 
-- -- -- -- -- -- -- --
0.54 
Cancer irroratus 
-- -- -- -- -- -- -- --
0.54 
Libinia spp. 
Uca sp:p. 
-- -- -- -- -- --
54.88 3.72 9,72 
Dissodactylus mellitae 
-- -- -- -- -- -- --
0.74 
Pinnixa chaetopterana 
-- -- -- -- -- --
97,57 1.48 3,78 
_E. cylind.rica 
f. sa;yana 
-- -- -- -- -- --
7.32 
--
1.08 0.52 
Unident. Pinnixa 
Pinnotheres maculatus 
-- -- -- -- -- --
1.22 2.22 1.08 
P. ostreum 
-- -- -- --
-- --
2.44 
-- --
0.52 
Callinectes sanidus 
-- -- -- -- -- --
9.76 1.49 3.24 
Ovalipes ocellatus 
-- -- -- -- -- -- -- --
7.57 
Hexananopeus angustifrons --
-- -- -- -- --
60.98 28.25 70.81 
Neouanone texana sayi 
-- -- -- -- -- --
23.17 12.64 18.37 -- -- -- .i:,,. 
Panoneus herbstii 3.66 2.23 0.54 vJ 
-- -- -- -- -- -- -- -- --
vJ 
Rhithronanopeus harrisii 
-- -- -- -- -- -- -- --
0,54 
Unident. xanthid 
-- -- -- -- -- --
1.22 
--
2.16 
Brachyuranmegalopae 
-- -- -- -- -- -- -- --
5 .1~1 
Lucifer faxoni PL 
-- -- -- -- -- -- -- -- -- --
1.57 
Penaeus PL 
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Station COO Bottom January 1969 - December 1969 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 30.10 28.ltO . 25 .60 
--
27.89 
--
30.19 26.41 29.70 30.93 25.60 29.14 
Temperature (C) 4.7 4.1 3.4 9.3 15 .• 2 21.4 26.2 24.9 23.3 19,8 13,8 9.4 
Dis. Oxygen (mg/1) 8.80 10,11 10.05 8.83 7.62 6.50 6.36 3 .• 74 
--
8.14 7.90 8.90 
Decapoda (No./1000 liters) 
Total larvae 29.12 4.31 14.86 0.98 46.16 26.88 50.60 46.92 88.34 12.88 o.oo o.oo 
Lucifer faxoni 
-- -- -- -- -- -- -- -- --
1.36 
Palaemonetes spp. 
-- -- -- -- --
0.38 o.48 
Riupolyte pleuracantha 
-- -- -- -- --
0.38 
-- --
1.23 o.68 
Crangon septemspinosa 29.12 4.31 14.86 0.98 38.87 4.99 
Callianassa sp. B 
-- -- -- -- -- --
1.45 
Upogebia affinis 
-- -- -- -- -- --
0.96 o.64 7.36 
Emerita talpoida 
-- -- -- -- -- --
o.48 
--
1.23 
Pagurus longicarpus 
-- -- -- --
7.29 0.76 5.30 o.64 2.46 1.35 
P. nollicaris 
-- -- -- -- -- -- -- --
-~ o.68 ;.;_ 
Euceramus praelongus 
-- -- -- -- -- 7.69 8.19 15.43 11.04 o.68 
Polyonyx gibbesi 
-- -- -- -- -- -- -- --
1.23 
Unident. porcellanid 
Cancer irroratus 
Libinia spp. 
-- -- -- -- -- --
2.41 o.64 
Uca spp. 
-- -- -- -- --
1.54 3.38 3.86 17.17 
Dissodactylus mellitae 
Pinnixa chaetopterana 
-- -- -- -- -- --
12.53 14.79 8,59 2.03 
f_. cylindrica 
-- -- -- -- -- -- -- --
3.68 o.68 
f_. sayana 
-- -- -- -- -- -- --
7.72 4.91 1.35 
Unident. Pinnixa 
-- -- -- -- -- -- --
o.64 
Pinnotheres maculatus 
-- -- -- -- -- -- -- --
1.23 
P .. ostreum 
-- -- -- -- -- -- -- --
2.46 
Callinectes sapidus 
-- -- -- --
-- 0.38 
Ovalipes ocellatus 
Hexapanopeus angustifrons __ 
-- -- -- --
1.15 7.71 1.92 6.13 o.68 
Neopanope texana sayi 
-- -- -- -- --
9.23 5.78 o.64 15.94 2.04 -- -- ,I::--
u.l Panopeus herbstii 
-- -- -- -- --
0.38 l.93 -- -- -- -- -- ~ 
Rhithrouanopeus harrisii 
Unident. xanthid 
-- -- -- -- -- -- -- --
1.23 
Brachyuranmegalopae 
-- -- -- --
-- -- -- --
2.45 1.35 
Lucifer faxoni PL 
-- -- -- -- -- -- -- -- --
4.06 
Penaeus PL 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
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Station ClO Surface January 1968 - December 1968 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 18.88 19.86 20.61 18.63 20.51 18.10 18.94 21.88 23.08 23.31 24.25 23.45 
Temperature (C) 7.5 2.7 5.3 10.6 17.4 23.3 26.5 25.8 24.2 20.1 14.o 7.5 
Dis. Oxygen (mg/1) 11.27 
--
10.48 10.38 7.80 8.07 6.96 6.61 7.12 7.96 8.oo 9.8o' 
Sea Conditions l 3 2 1 1 l l l l l l 3· 
Secchi disc vis. (m) l.9 l.6 l.O l.3 3.0 2.8 2.0 2.4 l.8 2.4 l.2 l.O 
Tide Stage 6. 3 l 6 6 5 7 1 8 7 8 2 
Deca~oda (No./1000 liters) 
Total larvae 0.00 0.00 0.80 l.66 209.92 4.69 59.26 79.29 4.88 2.08 o.64 0.62 
Lucifer faxoni 
Palaemonetes spp. 
-- -- -- -- --
l.17 
--
0.63 
--
0.26 
.A.l'Pheus·normanni -- -- -- -- -- -- -- 0.63 
Hipuolyte pleuracantha -- -- -- -- -- -- -- -- -- 0.26 
Crangon septemspinosa -- -- 0.80 l.66 208.64 -- -- -- -- -- o.64 0.62 
Unident. carid 
Upogebia affinis 
-- -- -- -- -·· 0.59 7.96 13.33 
Pagurus longicarpus -- -- -- -- l.28 
Eucera.mus 'Praelongus 
-- -- -- -- -- -- -- --
: o.41 0.26 
Polyonyx gibbesi 
Cancer irroratus -- -- -- -- -- -- -- -- -- 0.52 
Uca spp. 
-- -- -- -- -- -- --
13.32 
Pinnixa chaetopterana 
!'.,, sayana 
-- -- -- -- --
0.29 o.88 0.63 1.62 
Pinnotheres maculatus -- -- -- -- -- -- o.88 2.53 
P. ostreum 
-- -- -- -- -- -- --
0.63 
Callinectes sapidus 
-- -- -- -- --
0,59 
--
0.63 . 0.81 
Hexapanopeus angustifrons --
-- -- -- -- --
6.19 3.17 0.82 0.26 
Neopanope texana sayi -- -- -- -- -- 2.05 40.70 42.53 -·· 0.26 
Panopeus herbstii 
-- -- -- -- -- --
2.65 0.63 
Rhithropanopeus harrisi 
-- -- -- -- -- -- --
0.63 
-- -- -- --· 
Unident. xanthid -- -- -- -- -- -- -- -- -- 0:26 -- -- .i:,. l,.) 
Brachyurai megalopae 
-- -- -- -- -- -- -- --
l.22 
--
-- --
lJ1 
Lucifer faxoni PL 
-- -- -- -- -- -- -- -- --
0.52 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
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Station ClO Surface January 1969 - December 1969 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 22.67 -- 21.50 23.28 23.47 20.02 23.37 23,71 21.35 22.27 22.83 23.91 
Temperature (C) 2.6 -- 3.7 10.1 16.8 22.9 27.6 26.6 26.9 20.1 14.1 9.1 
Dis. Oxygen (mg/1) 10.56 -- 10.86 9.40 7.70 6.96 7.45 5.19 -- 7.15 8.16 9,50 
Sea Conditions l 5 2 l l 2 l l l 2 4 2 
Secchi disc vis, (m) 1.6 --· 1.0 1.9 2.2 2.6 1.0 1.2 1.0 1.1 2.0 1.4 
Tide Stage 3 -- 7 2 5 6 7 7 3 5 5 5 
Decapoda (No./1000 liters) No 
Total larvae 0.56 Sample 6.40 1.62 31.71 64.55 6.82 189.29 43.11 1.55 o.oo 0.22 
Lucifer faxoni -- -- -- -- -- -- -- -- o.46 
Palaemonetes spp. -- -- -- -- -- -- -- 3.55 
Aluheus·normanni -- -- -- -- -- -- -- 0.71 0.92 
H2ppolyte pleuracantha -- -- -- -- -- -- 0.62 1.42 2.78 
Gran~on seutemspinosa 0.56 -- 6.40 1.62 31.44 7.34 -- -- -- -- -- 0.22 
Unident. carid -- -- -- -- -- -- 0.62 
Upogebia affinis -- -- -- -- -- -- 0.62 39.85 17.18 
Pagurus longicarpus -- -- -- -- 0.27 -- 0.62 
Euceramus praelongus -- -- -- -- -- 1.57 -- 2.13 2.32 0.31 
Polyonyx gibbesi -- -- -- -- -- -- -- 0.71 
Cancer irroratus 
Uca spp. -- -- -- -- -- -- -- 20.63 1.85 
Pinnixa chaetoEterana -- -- -- -- -- -- 0.62 14.95 5,'56 0.31 
f.. sarana -- -- -- -- -- -- 0:62 2.13 0.92 
Pinnotheres maculatus -- -- -- -- -- -- -- 3.55 0.92 0.31 
P. ostreum -- -- -- -- -- -- -- -- -- 0.31 
Callinectes sapidus -- -- -- -- -- 1.05 
Hexauanopeus angustifrons -- -- -- -- ' -- 13.64 0.62 17.80 0.92 
Neouanope texana sayi -- -- -- -- -- 40.95 l.24 69.76 9.28 0.31 
~~ herbstii -- -- -- -- -- -- 1.24 12.10 
Rhithrouanopeus harrisi 
Unident. xanthid -- -- -- -- -- -- -- -- -- -- -- -- ~ w 
Brachyuraimegalopae °' 
Lucifer faxoni PL 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
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Station ClO Bottom January l968 - December 1968 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 20.50 26.05 20.55 25,32 2l'. 75 25.06 24.30 24.24 24.04 24.95 27.39 23.73 
Temperature ( C) 1.7 2.7 6.3 10.0 16.1 20.8 24.5 24.9 24.o 20.0 13.8 5. 7 . 
Dis. Oxygen (mg/1) 10.62 
--
11.12 9.42 7.36 5.00 5.54 5.41 5.94 7.18 7.32 9.8 
Decapoda (No,/1000 liters) 
Total larvae 0.63 l.87 2.92 43.10 l3.59 2.50 78.50 46.49 136.40 3.86 0.00 0.00 
Palaemonetes spp. --
-- -- -- -- --
0.50 
Alpheus sp (t'heterochaelis 11)--
-- -- -- -- --
0.50 
HiPpolyte pleuracantha 
-- -- -- -- -- -- -- --
0.55 0.77 
Crangon septemspinosa 0.63 l.87 2.92 43.10 12.65 
--
3.0 
Unident. carid 
Upogebia affinis 
-- -- -- -- --
2.08 9.50 8.85 5.52 
~ longicarpus 
-- -- -- --
0.94 
--
l.00 l.48 0.55 
Euceramus praelongus 
-- -- -- -- -- --
6.00 
--
2.21 2.32 
Polymyx gibbesi 
-- -- -- -- -- -- --
0,74 7.73 
Uca spp. 
-- -- -- -- -- --
5.50 14.75 4.96 
Pinnixa chaetopterana 
-- -- -- -- -- -- -- --
.3,86 
!:_. sayana 
-- -- -- -- -- --
3.50 
--
l.65 
Pinnotheres maculatus 
-- -- -- -- -- --
l.00 2.22 1.10 
P. ostreum 
-- -- -- -- -- --
0.50 
Callinectes sapidus 
-- -- -- -- -- --
0.50 
Hexapanopeus angUstifrons --
-- -- -- -- --
37.~50 0.74 85.08 0.77 
NeoPanope texana sayi 
-- -- -- -- --
o.42 9.50 13.28 19.88 
Panopeus herbstii 
-- -- -- -- -- -- --
4.43 0.55 
Unident. xanthid 
Brachytiran megalopae 
-- -- -- -- -- -- -- --
2.76 
Lucifer faxoni PL 
~ 
w 
" 
R
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Station ClO Bottom January 1969 - December 1969 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 28.14 -- 22.50 25.75 24.20 24.07 25.71 24.48 ;27.78 24.78 22.93 26.40 
Temperature (C) 3.5 -- 3.4 9.4 16.1 22.4 27.6 26.1 24.8 20.0 13.9 9.2 
Dis. Oxygen (mg/1) 9.36 -- 10.68 9.02 7.39 6.76 5.66 5.43 -- 6.94 8.10 8.90 
Decapoda (No,/1000 liters) No 
Total larvae 3.50 Sample 13.16 8.73 39.31 7.62 14.26 58.37 217.72 26.63 o.oo o.oo 
Palaemonetes spp. --
-- -- -- -- -- 0.53 0.76 
Alpheus sp ('-'heterochaelis 11~-
Hippolyte pleuracantha 
-- -- -- -- -- --
0.53 1.52 4.84 2.97 
Crangon septemspinosa 3.50 -- 13.16 8.73 39.31 1.45 
Unident. carid 
Upogebia affinis 
-- -- -- -- -- --
1.06 11.37 4.83 
Pagurus longicarpus 
-- -- -- -- -- -- --
1.52 4.84 2.96 
Eucera.mus praelongus 
-- -- -- -- --
0.73 
--
3.03 11.29 
Polymyx gibbesi 
-- -- -- -- -- -- --
0.76 
-- 0.99 
Uca spp. 
-- -- -- -- -- --
0.53 6.07 6.45 
Pinnixa chaetopterana 
-- -- -- -- -- --
1.58 7.59 75.80 
!:_. sayana 
-- -- -- -- -- --
0.53 
--
22.58 
Pinnotheres maculatus 
-- -- -- -- -- -- --
3.03 20.97 
P. ostreum 
-- -- -- -- -- --
0.53 0.76 1.61 
Callinectes sapidus 
-- -- -- -- --
l.09 
Hexapanopeus angustifrons --
-- -- -- --
2.54 4.74 3.03 6.45 
Neopanope texana sayi 
-- -- -- -- --
1.81 3.70 13.63 54.84 19. 71 
Panopeus herbstii 
-- -- -- -- -- --
0.53 5.30 1.61 
Unident. xanthid 
Brachyuran megalopae 
-- -- -- -- -- -- -- --
1.61 
Lucifer faxoni PL 
-- -- -- -- -- -- -- --
1.61 0.99 
~ 
l,.) 
(X) 
R
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Station YOO Surface January 1968 - December 1968 
Jan. Feb. Ma1·. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 15.27 19.25 19.93 18.25 19.68 18.58 19.51 21.90 21.78 21.96 23.20 22.80' 
Temperature (C) 1.7 2.9 6.6 12.3 18.4 24.o 26.1 26.6 24.6 20.4 13.7 7.0 
Dis. Oxygen (mg/1) 11.31 
--
11.00 9.94 7.98 7.57 6.05 6.49 4.80 6.78 7.96 io.oo 
Sea Conditions 1 2 l 2 1 1 l l l l 1 l 
Secchi dis vis. (m) 1.1 1.2 1.0 1.2 2.0 2.2 2.2 1.8 2.0 1.9 3.5 1.5 
Tide Stage 5 5 8 7 5 4 7 8 7 6 7 l 
Decapoda (No./1000 liters) 
Total larvae o.oo 0.26 5.97 7.18 9.56 12.86 96.21 65.51 o.oo 7.80 o.88 0.59 
Palaemonetes spp. 
-- -- -- -- --
1.07 o.84 0.90 
Ogyrides limicola 
Hinpolyte nleuracantha 
-- -- -- -- -- -- -- -- --
6.10 
Crangon septemsuinosa 
--
0.26 5.97 7.18 9.56 0.54 -- -- -- -- o.88 0.59 
Upogebia affinis 
-- -- -- -- --
5,89 36.29 3.56 
Pagurus longicarpus 
Euceramus uraelongus 
-- -- -- -- -- -- -- -- --
o.68 
Polyon,1?£ gibbesi 
Libinia spp. 
Uca spp. 
-- -- -- -- -- --
27.01 41.42 
Pinnixa chaetopterana 
f. sayana 
Pinnotheres maculatus 
-- -- -- -- -- --
1.69 0.90 
P. ostreum 
-- -- -- -- -- -- --
0.89 
Callinectes sapidus 
-- -- -- -- --
· 0.27 3.38 
Eurypanopeus depressus 
Hexapanopeus angustifrons -- -- -- -- -- · 0.27 4.22 0.89 
Neopannpe texana sayi 
-- -- -- -- --
3.75 20.25 8.48 -- 1.02 
Panopeus herbstii 
-- -- -- -- --
1.07 2.53 8.02 
-- -- -- --
.po 
Unident. xanthid o.45 
-- --
l.,.) 
-- -- -- -- -- -- -- -- --
\0 
Brachyuran megalopae 
R
eproduced with perm
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Station YOO Surface January 1969 - December 1969 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 21.96 20.40 20.30 20.52 22.32 22.54 22.49 20.92 18.50 21.41 21.48 21.51 
Temperature (C) 2.5 4.5 4.2 ll.4 17.5 23.9 28.l 26.9 26.1 20.2 14.6 8.8 
Dis. Oxygen (mg/1) 10.70 11.28 10.54 9.12 
--
6.82 6.63 4.68 
-- 6.90 6.80 9.00 Sea Conditions l l l l l l l l 2 2 l l 
Secchi dis vis. (m) 1.6 3.1 1.0 1.2 2.0 1.4 1.2 l.5 0.9 1.2 2.1 1.6 
Tide Stage 3 3 7 1 5 
Decapoda (No./1000 liters) 5 7 7 3 5 5 5 
Total larvae 0.28 2.86 l.79 9.32 42.10 53.28 19.85 41.97 15.85 0.81 o.oo o.oo 
Palaemonetes spp. 
-- -- -- -- --
1.38 
Ogyrides limicola 
-- -- -- -- -- --
o.64 
Hipuol~e uleuracantha 
-- -- -- --
0.24 3.04 3.20 6.87 5.58 
Crangon septemsEinosa 0.28 2.86 1.79 9.32 41.86 13.24 
Upogebia affinis 
-- -- -- -- --
1.94 3.53 9.92 4.11 
Pagurus longicarpus 
-- -- -- -- --
Oa28 
-- -- --
0.54 
Euceramus praelongus 
-- -- -- -- --
0.28 
Polyonyx gibbesi 
-- -- -- -- -- --
o.64 
Libinia spp. 
-- -- -- -- -- --
0.32 
Uca spp. 
-- -- -- -- -- --
l.28 14.50 0.58 
Pinnixa chaetopterana 
-- -- -- -- -- --
l.60 0.76 
f: sayana 
-- -- -- -- --
0.28 
--
0.76 0.29 
Pinnotheres maculatus 
-- -- -- -- -- --
1.92 1.53 0.58 
P. ostreum 
-- -- -- -- -- --
o.64 0.76 
Callinectes sapidus 
-- -- -- -- --
0.28 
Eur~anopeus depressus 
-- -- -- -- --
0,55 
Hexapanopeus angustifrons --
-- -- -- --
4.69 1.28 
Neopanope texana sayi 
-- -- -- -- --
27.04 2.88 l.58 3.53 
Panopeus herbstii 
-- -- -- -- --
0.28 l.92 5.34 1.18 
.i:,. Unident. xanthid 
-- -- -- -- -- -- -- -- -- -- -- --
.i:,. 
0 Brachyuran megalopae 
-- -- -- -- -- -- -- -- --
0.27 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
/ 
Station YOO Bottom January 1968 - December 1968 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 19.70 24.21 20.23 21.20 19. 78 24.16 19.56 22.63 22.28 23.31 23.59 22.91 
Temperature ( C) 2.1 2.5 6.9 11.5 
--
21.0 26.3 26.~ 23.8 19.3 12.8 5.5 
Dis.Oxygen (mg/1) 10.47 
--
10.22 8.28 7.36 3.73 5.02 3.69 5.54 6.49 7.50 9.80 
Decapoda (Ne. /1000 liters) 
Total larvae o.oo o.oo 3.42 55.26 18.46 10.96 7.01 26.94 3.18 28.56 o.oo 0.62 
Palaemonetes spp. -- -- -- -- -- -- -- 1.17 
Ogyrides limicola -- -- -- -- -- -- 2.42 1.56 
Hiuuolyte uleuracantha -- -- -- -- -- -- -- -- -- 12.:24 
--Crangon seutemsuinosa -- -- 3.42 55 ~·26 18.46 1.37 -- -- -- -- -- 0.62 
Uuogebia affinis 
-- -- -- -- -- --
0.24 
Pagurus longica.ruus 
Eucera.mus uraelongus 
-- -- -- -- -- -- --
0.39 
--
8.16 
Polyonyx gibbesi 
-- --
-- -- -- -- --
0;·39 
Libinia spp. 
Uca suu. -- -- -- -- -- -- 0.97 l.17 .1.06 
- -~ 
Pinnixa chaetouterana 
!:_. sayana 
-- -- -- -- -- --
0.24 0.39 1.06 
Pinnotheres maculatus 
-- -- -- -- -- --
o.48 12.ll 1.06 
P. ostreum 
-- -- -- -- -- --
1.46 3,13 
Callinectes sapidus 
-- -- -- -- --
4.11 o.48 
Hexapanopeus deuressus -- -- -- -- -- -- 0.24 0.78 -- 4.08 
Neopanope texana sayi 
-- -- -- -- --
2.74 0.24 4.68 
--
4.08 
Panopeus herbstii 
-- -- -- -- --
2.74 0.24 0.78 
Unident. xa.nthid 
Brachyuran mega.J.,opae 
-- -- -- -- -- -- --
0.39 
Lucifer faxoni PL 
~ 
~ 
I-' 
R
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Station YOO Bottom January 1969 - December 1969 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 22.15 20.80 20.90 21.37 23.02 23.25 
--
23.40 24.99 23.72 25.53 24.92 
Temperature (C) 1.5 4.4 3.~ 10.5 16.8 22.9 26.8 26.7 25.7 20.1 13.8 8.9 
Dis.Oxygen (mg/1) 10.46 10.74 
Decapoda (No./1000 liters) 
10.33 8.89 7.43 5.36 4.22 3.25 
-- 2.99 7.90 9.00 
Total larvae o.oo 19.09 3.85 33.17 32.56 238.75 6.68 5.13 199.98 12.00 o.oo o.oo 
Palaemonetes spp. -- -- -- -- -- 6.12 -- 0.51 -- 0.96 
Ogyrides limicola -- -- -- -- -- 2.04 -- -- 11.11 3.36 
Rippolyte pleuracantha -- -- -- -- 0.65 18.36 0.67 -- -- o.48 
Crangon septemspinosa -- 19.09 3.85 33.17 29.31 73.74 
Upogebia affinis -- -- -- -- -- -- -- ··1.03 44.44 2.40 
Pagurus longicarpus 
-- -- -- --
2.60 4.08 0.67 
-- --
0.96 
Euceramus Praelongus 
-- -- -- -- --
4.08 
Polyonyx gibbesi 
Libinia spp. 
-- -- -- -- -- -- 0.67 -- 11.11 
Uca spp. -- -- -- -- -- 2.04 -- -- 11.11 
Pinnixa chaetopterana -- -- -- -- -- -- 1.33 2.57 
!:_. sayana 
-- -- -- -- -- -- 1.33 0.51 55.55 
Pinnotheres maculatus -- -- -- -- -- -- 0.67 0.51 -- o.48 
P. ostreum -- -- -- -- -- -- 0;67 -- 11.11 
Callinectes sapidus 
Hexapanopeus depressus 
-- -- -- -- --
6.12 
Neopanope texana sayi 
-- -- -- -- --
118.36 0.67 
-- 55.55 2.88 
Panopeus herbstii -- -- -- -- -- 4.08 
Unident. xanthid 
Brachyuran megalopae -- -- -- -- -- -- -- -- -- o.48 
Lucifer faxoni PL 
-- -- -- -- -- -- -- -- --
0.96 
~ 
~ 
N 
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Station YlO . Surface January 1968 - December 1968 
Jan. Feb. Mar. Apr:; May June July Ang. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 12.54 16.43 15.58 12.86 18.77 16.47 17.70 19.58 20.21 ·20. 77 18.95 18.63 
Temperature (C) 1.0 4.5 3,7 14.9 17.9 26.4 28.3 . 27.9 25.3 20.6 ·10.4 6.9 
Dis. Oxygen (mg/1) 11.08 -- 11.95 8.55 4.52 6.02 6.47 5.81 5.70 6.13 8.84 9.50 
Sea Conditions 1 3 1 1 1 2 1 1 2 1 1 1 
Secchi disc vis. (m) o.8 1.2 o.8 o.6 1.0 2.0 1.5 o.8 1.1 1.8 0.9 0.5 
Tide Stage 
Decapoda (No./1000 liters) 
7 2 7 7 3 1 7 1 8 5 7 1 
Total larvae o.oo 0.00 o.oo 0.00 0.80 7.26 69.54 27.07 10.94 4.38 o.oo o.oo 
Palaemonetes spp. 
-- -- -- -- -- -- --
1.04 0.31 
Ogyrides limicola -- -- -- -- -- 1.81 -- 0.52 3.44 
HiEEolyte Eleurocantha -- -- -- -- -- -- -- -- 0.31 1.46 
Cran~on seEtemspinosa -- -- -- -- 0.20 
Upogebia affinis -- -- -- -- -- o. 73. 7.17 1.56 1.56 
Pagurus longicarous 
-- -- -- -- -- -- -- -- --
0.73 
Euceramus praelongus 
-- -- -- -- -- -- -- -- --
0.73 
Polyonyx gibbesi -- -- -- -- -- -- -- 0.52 
S. reticulatum 
-- -- -- -- --
0.73 
--
0.52 
Libinia spp. 
Uca spp. 
-- -- -- -- --
l.45 56.99 18.75 3.44 
Pinnotheres maculatus 
-- -- -- -- -- -- -- --
0.31 
P. ostreum 
-- -- -- -- --
1.45 0.72 0.52 
Callinectes sapidus 
-- -- -- -- --
0.36 
Hexapanopeus angustifrons --
-- -- -- -- -- -- -- --
0.73 
Neonanope texana sayi 
-- -- -- -- -- --
2.15 2.08 0.63 
Panoueus herbstii 
-- -- -- -- --
0.36 2.51 1.04 0.94 
Rhithropanopeus harrisi 
-- -- -- --
0.60 
-- --
0.52 
--
0.73 
Brachyura~ megalopae 
-- -- -- -- -- -- -- -- -- -- -- --
~ 
Lucifer faxoni PL 0.34 ~ 
-- -- -- -- -- -- -- -- -- -- --
w 
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Station YlO Surface January 1969.- December 1969 
Jan. Feb. ~.ar. Apr..__ May June July Aug. Sept. Oct. Nov. Dec. 
Salinity (o/oo) 18.71 18.10 19.10 17.91 19.46 19.96 19.91 15.73 15.74 17.25 19.18 20.63 
Temperature (C) 2.0 4.9 3.2 13.2 18.7 24.5 26.4 27.2 23.4 20.3 15.1 6.1 
Dis. Oxygen (mg/1) 10.96 10,38 12.17 9.26 6.50 5.96 5.96 5.96 6.31 6.18 5.60 9.90 
Sea Conditions 1 2 l 2 1 1 1 1 l 1 1 2 
Secchi disc vis. (m) 0,5 0.7 0.5 o.6 o.4 1.0 o.6 0.9 0.9 0.9 1.3 0.5 
Tide Stage 2 6 4 5 7 
Decapoda (No./1000 liters) 
3 3 7 3 3 5 5 
Total larvae o.oo o.oo o.oo 1.20 o.46 1.71 4.74 19.32 17.15 0.00 o.oo 0.00 
Palaemonetes spp. 
-- -- -- -- -- --
0.53 
Ogyrides limicola 
-- -- -- -- -- --
0.53 
-- 1.27 
Hinnolyte pleurocantha 
Crangon septemspinosa -- -- -- 1.20 o.46 
Upogebia affinis -- -- -- -- -- 0.85 2.63 3.51 0.32 
Pagurus longicarous 
Euceramus praelongus -- -- -- -- -- -- -- -- 0.32 
Polyonyx gibbesi 
-- -- -- -- -- -- -- --
4.45 
§_. reticulatum 
Libinia spp. 
-- -- -- -- -- -- -- --
0.32 
Uca spp. 
-- -- -- -- --
o.43 1.05 14.41 7.62 
Pinnotheres maculatus 
-- -- -- -- -- -- -- --
0.63 
--
P. ostreum 
-- -- -- -- -- -- --
o.·35 
Callinectes sapidus 
-- -- -- -- -- -- -- --
0.32 
Hexapanopeus angustifrons 
Neouanope texana sayi 
-- -- -- -- -- -- -- --
0.95 
Panopeus herbstii 
-- -- -- -- --
o.43 
--
1.05 
Rhithropanopeus harrisi 
Brachyura.n megalopae 
-- -- -- -- -- -- -- --
0.95 
-- -- -- ,I::-. 
Lucifer faxoni PL 
-- -- -- -- -- -- -- --
,I::-. 
-- -- -- -- ~ 
R
eproduced with perm
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Station YlO Bottom 
Jan. Feb. Mar. 
Salinity (o/oo) 15.49 19.75 19,51 
Temperat~e (C) 1.5 3,9 3,8 
Dis. Oxygen (mg/1) 10.64 
--
10,30 
Decapoda (No./1000 liters)No 
Total larvae Sample o.oo o.oo 
Palaemonetes spp. 
-- -- --
Ogyrides limicola 
-- -- --
liippolyte pleuracantha 
-- -- --
Crangon septemspinosa -- -- --
Upogebia affinis 
-- -- --
_?olyonyx gibbesi 
Sesarma cinereum. -- -- --
S, reticulatum 
-- -- --
Uca spp. 
-- -- --
Pinnixa sayana 
-- -- --
Pinnotheres maculatus 
-- -- --
P. ostreum 
-- -- --
Callinectes sapidus 
-- -- --
EuryPanopeus depressus 
-- -- --
Hexapanopeus angustifrons -- -- --
::Jeopanope texana sayi 
-- -- --
Panopeus herbstii 
-- -- --
RhithroEanopeus harrisii 
-- -- --
Brachyuran megalopae -- -- --
January 1968 - December 1968 
Apr. May June July Aug. 
16.07 18,56 19.64 19.22 19.10 
13,9 17,3 25.6 27,3 24.6 
7.72 5,53 4.16 4.54 4.63 
0.60 4.40 59,17 45,71 63.07 
-- -- -- -- 0,53 
-- 0.55 -- 2.86 8.55 
-- --
4.77 -- --
0.60 1.10 
-- --
7,18 •i8.09 6.95 
-- -- 0.95 
-- --
7.64 
-- 3.74 
-- --
3.82 16.19 36.89 
-- -- -- -- --
-- -- 1.91 
-- --
7.64 
-- 1.07 
-- --
10.50 
-- -- 0.95 
-- -- 0.95 1.90 --
-- -- --
2.86 2,13 
-- --
2.86 3,81 1.07 
--
2,75 
-- -- -- --
2.14 
Sept. Oct. 
20.68 21.49 
24.6 20.1 
4.94 5,50 
20.02 2.36 
1.18 
3.54 1.18 
--
1.18 
1.18 
1.18 
5,89 
4.70 
2,35 
Nov. 
21.13 
11.2 
8.24 
o.oo 
Dec. 
2i.03 
7,1 
8.94 
0.00 
.p. 
.p. 
VI 
R
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Station YlO Bottom 
Jan. Feb. Mar. 
Salinity (o/oo) 20.16 21.00 22.90 
Temperature (C) 1.8 4.5 3.2 
Dis. Oxygen (mg/1) 10.02 9.87 10.05 
Decapoda (No./1000 liters) 
Total larvae o.oo o.oo 0.60 
Pe.laemonetes spp. -- -- --
Ogyrides limicola -- -- --
Hinnolyte pleuracantha 
Cran~on seEtems~inosa 
-- --
0.60 
Upogebia affinis -- -- --
?olyonyx gibbesi -- -- --
Sesarma cinereum 
S. reticulatum 
Uca spp. -- -- --
Pinnixa sayana 
-- -- --
Pinnotheres maculatus 
-- -- --
P. ostreum -- -- --
Callinectes sapidus 
-- -- --
Eu.Typanopeus depressus 
Hexapanopeus angustifrons 
rieopanope texana sayi -- -- --
Panoneus herbstii 
-- -- --
Rhithronanopeus harrisii 
Brachyuran megalopae -- -- --
January 1969 - December 1969 
Apr. May June July Aug. 
18.26 20.23 20.73 21.03 20.02 
13.4 17.8 24.1 25.9 26.8 
9.02 6.48 5.28 4.71 3.36 
8.47 o.oo 38.36 126.19 7.44 
-- --
8.22 
--
1.86 
-- --
5.48 7.76 1.24 
8.47 
-- -- 13.70 48.84 2.48 
-- -- -- -- --
-- -- 1.37 50.48 1.24 
-- -- -- -- --
-- -- --
3.88 0.62 
-- -- 1.37 l.94 
-- -- --
1.94 
--
-- -- --
l.94 
-- --
8.22 9.71 
-- -- -- -- --
Sept. Oct. 
22.49 19.93 
23.9 19.8 
1.15 5.15 
45.24 2.35 
20.88 1.88 
1.74 o.47 
1.74 
8.70 
1.74 
3.48 
-- --
6.96 
Nov. 
20.58 
15.4 
7.70 
0.89 
0.89 
Dec. 
21.89 
6.4 
8.70 
o.oo 
~ 
~ 
O'I 
R
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Station Yl5 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) 8.02 15.52 13.18 
Temperature (C) 1.7 4.5 3.3 
Dis. Oxygen (mg/1) 11.59 -- 11.91 
Sea Conditions 1 3 1 
Secchi disc vis. (m) o.6 1.2 o.6 
Tide Stage 7 1 7 
Decapoda (No./1000 liters)No 
Total larvae Sample 0.00 0.00 
Palaemonetes spp. -- -- --
Ogyrides limicola -- -- --
Crangon septemsEinosa 
Upogebia affinis 
-- -- --
Euceramus praelongus 
-- -- --
S. reticulatum 
-- -- --
Uca spp. 
-- -- --
Pinnotheres maculatus 
P. ostreum --
-- --
Hexapanopeus angustifrons --
-- --
Neopanope texana sayi 
-- -- --
Panopeus herbstii 
-- -- --
Rhi thropanopeus :riarri sii · 
-- -- --
Unident. xanthid 
Brachyuran megalopae 
-- -- --
January 1968 - December 1968 
Apr. May June July Aug. 
11.93 15.62 13.91 14.93 16.94 
15.3 19.0 27.1 28.9 27.8 
8.47 6.93 6.45 6.79 6.19 
l 1 2 l l 
0.5 o.6 1.2 1.0 o.8 
7 2 l 7 l 
o.oo 0.37 10.87 10.90 82.45 
-- -- --
0.38 0.61 
-- --
o.45 
--
2.43 
-- -- --
0.75 
-- -- -- -- --
-·- -- -- --
1.82 
-- --
9,07 9.01 69.10 
-- --
o.45 0.38 
-- -- -- --
0.61 
-- -- --
0.38 0.61 
-- --
o.45 
--
6.06 
-- 0.37 o.45 
-- -- -- --
1.21 
Sept. Oct. 
18.49 18.57 
25.4 20.4 
6.30 6.59 
1 1 
o.8 1.4 
l 5 
0.56 0.90 
0.56 0.30 
--
0.30 
--
0.30 
Nov. 
17.08 
10.0 
9.02 
l 
o •. 5 
7 
o.oo 
Dec. 
15.96 
6.8 
9.70 
l 
o.4 
l 
o.oo 
~ 
~ 
~ 
R
eproduced with perm
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Station Yl5 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) 16.89 . 16.20 19.40 
Temperature (C) l.8 5.0 3.4 
Dis. Oxygen (mg/1) 11.00 6.13 10.84 
Sea Conditions l 2 l 
Secchi disc vis. (m) o.4 0,5 0.5 
Tide Stage 2 6 3 
Deca-ooda (No. /1000 liters): 
Total larvae o.oo o.oo 0.93 
Palaemonetes spp. 
-- -- --
Ogyrides limicola 
-- -- --
Crangon septemspinosa 
-- -- 0.93 
Upogebia affinis 
-- -- --
Euceramus praelongus 
S. reticulatum 
Uca spp. 
-- -- --
Pinnotheres maculatus 
·-- -- --
P. ostreum --
-- --
iiexananopeus angustifrons --
Neopanope texana sayi 
-- -- --
Panopeus herbstii 
-- -- --
RhithroEanopeus harrisii 
Unident. xanthid 
-- -- --
Brachyuran megalopae 
-- -- --
January 1969 - December 1969 
Apr. May June July Aug. 
14.34 16.57 17.42 18.29 10.91 
14.4 19.5 25.2 26.2 27.5 
8.81 6.89 6.62 5.84 6.02 
l l l l l 
0.5 o.4 o.6 o.6 l.O 
5 7 3 4 7 
1.47 o.oo 1.20 123 ,19 17 .48 
-- --
o.Bo 
-- --
o.4o 6.40 o.44 
1.47 
-- -- -- --
-- -- --
7,47 
-- -- --
93.86 1li.85 
-- -- -- --
o.44 
-- -- -- · 3.73 . o.44 
-- -- -- l.07 
-- -- --
10.13 1.31 
-- -- -- 0.53 
-- -- -- -- --
Sept. Oct. 
13.70 15.87 
23.5 20.4 
5.98 6.20 
l l 
o.8 o.8 
3 3 
20.20 a.co 
o.41 
-- --
19.38 
o.41 
Nov. 
17.32 
15.1 
8.00 
l 
l.l 
5 
0.29 
0.29 
Dec. 
19.17 
5.6 
9.80 
l 
0.5 
5 
o.oo 
~ 
~ 
co 
R
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Station Yl5 Bottom 
Jan. Feb. Mar. 
Salinity (o/oo) 17.97 18.91 17.63 
Temperature (C) 2.l 4.o 3.5 
Dis. Oxygen (mg/1) 9.99 -- 10.59 
Decapoda (No./1000 liters) 
Total larvae o.oo o.oo o.oo 
Palaemonetes spp. -- -- --
Ogyrides limicola 
-- -- --
Hiuuolyte uleuracantha 
-- --
Crangon seEtemsEinosa -- -- --
Uuogebia affinis 
-- -- --
Pagurus longicarpus 
-- -- --
Polyonyx gibbesi 
Sesarma cinereum 
-- -- --
S. reticulatum 
-- -- --
Uca spp. 
-- -- --
P. ostreum 
-- -- --
Hexa:2eno:eeus . an5ustifrons--
Neopanope texana sayi 
-- -- --
Panopeus herbstii 
-- -- --
RhithrouanoEeus ?a~risii 
-- -- --
Unident. xanthid 
Unident. brachyuran 
-- -- --
Brachyura.n megalopae 
-- -- --
January l968 - December l968 
Apr. May June July Aug. 
l4.ll l6.87 16.75 17.27 18.47 
14.7 18.0 26.1 28.l 26.6 
7.72 6.23 5.22 5. 02 5:~01 
o.oo 0.00 28.08 72.J.i2 16.94 
-- -- 3.03 1.65 0.74 
-- --
15.98 4.lO 0.74 
-- --
o.43 
-- --
3.02 n.53 0.74 
-- -- -- -- --
-- -- -- --
0.74 
-- --
1.73 
--
4.42 
-- -- 1.30 49.38 5.88 
-- --
1.30 
-- -- --
3.29 
-- --
o,113 1.65 
-- --
o.86 
--
0.74 
-- -- --
0.82 
-- -- -- --
2.94 
Sept. Oct. 
19.21 19.75 
24.8 20.l 
5.70 5.70 
o.oo 5.85 
--
3.51 
-- 1.17 
--
1.17 
Nov. 
20.04 
11.0 
8.52 
o.oo 
Dec. 
20.28 
7 .o . 
9.10 
0.00 
~ 
~ 
\0 
R
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Station Yl5 Bottom January 1969 - December 1969 
Jan. Feb. Mar. Apr. May June July Aug. Sept. 
Salinity (o/oo) 18.49 17.30 20.10 15.00 18.02 19.10 20.24 16.62 21.17 
'I'emperature (C) 1.5 4.3 3.2 14.5 18.7 24.4 26.2 27.2 23.7 
Dis. Oxygen (mg/1) 10.50 7.45 10.39 8.10 6.38 5.32 4.14 3.80 1.15 
Decapoda (No./1000 liters) 
Total larvae o.oo o.oo 2.00 5.68 0.57 3.36 159.51 35,01 87.50 
Palaemonetes spp. 
-- -- -- -- --
2.69 
Ogyrides limicola 
-- -- -- -- -- --
30.94 
--
37.50 
Hiuuol:v-te pleuracantha 
-- -- -- -- -- -- -- --
4.17 
Cran~on seEtemsEinosa 
-- --
2.00 5.68 0.57 
Unogebia affinis 
-- -- -- -- --
0.67 17.86 5.53 
Pagurus longicarpus 
Polyonyx gibbesi -- -- -- -- -- -- -- -- 25.00 
Sesarma cinereum 
S. reticulatum 
-- -- -- -- -- --
4.76 1.84 
Uca spp. 
-- -- -- -- -- --
94.05 23.96 12.50 
P. ostreum 
-- -- -- -- -- --
1.19 0.92 
F.exa'Dano:2eus _ ang}!stifrons-- -- -- -- -- -- 2.38 
Neouanone texana sayi 
-- -- -- -- -- --
7.14 
Panoneus herbstii -- -- -- -- -- -- l.l9 2.76 
RhithronanoEeus harrisii 
Unident. xanthid 
Unident. brachyuran 
8.33 Brachyuran megalopae 
-- -- -- -- -- -- -- --
Oct. Nov. 
18.26 19.77 
19.9 15.4 
4.72 7.60 
0.00 o.oo 
Dec. 
20.92 
5.9 
9.50 
0.00 
,r:.. 
VI 
0 
R
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Station Y20 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) 6.52 13.16 12.32 
Temperature ( C) 2.4 4.6 4.3 
Dis. Oxygen (mg/1) 10.70 
--
11.60 
Sea Conditions 1 2 1 
Secchi disc vis. (m) 0.5 o.6 o.6 
'I'ide Stage 7 7 1 
Decapoda (No./1000 liters)No 
Total larvae Sample o.oo o.oo 
Palaemonetes spp. 
-- -- --
OgVTides limicola -- -- --
Crangon sentemspinosa 
Sesarma reticulatum 
-- -- --
uca spp. 
-- -- --
Hexapanopeus ~sti~rons --
-- --
Panoneus herbstii 
Rhithronanopeus harrisii -- -- --
Brachyuran megalopae 
January 1968 - December 1968 
Apr. May June July Aug. 
9.26 12.30 12.54 13.04 14.83 
15.5 19.8 27.6 29.2 27.6 
7.86 6.75 6.24 6.63 5.41 
1 1 2 l 1 
0.5 0.5 1.0 o.8 1.0 
7 2 1 7 l 
0.00 15.17 8.15 110.91152.93 
-- --
1.02 
-- 0.69 2.04 -- --
-- -- -- --
1.31 
-- -- 1.53 109.73 146.40 
-- -- -- --
2.61 
--
14.48 3.56 1.18 2.61 
Sept. Oct. 
16.45 17.39 
25.3 20.4 
6.70 6.27 
2 1 
o.8 1.2 
1 6 
15.20 o.oo 
10.13 
1.27 
3.80 
Nov. 
14.32 
10.5 
8.60 
1 
o.8 
7 
o.oo 
Dec. 
14.74 
6.4 
9.66 
1 
o.4 
1 
o.oo 
~ 
l.n 
I-' 
R
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Station Y20 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) 15.69 13.60 18.60 
Temperature (C) 1.6 5.0 3.4 
Dis. Oxygen (mg/1) 10.98 10. 72 . 11. 76 
Sea Conditions l l 1 
Secchi disc vis. (m) 0.3 o.4 o.4 
Tide Stage 2 5 3 
Decapoda (No./1000 liters)· 
Total larvae . o.oo o.oo 0.22 
Palaemonetes spp. 
-- -- --
Ogyrides limicola 
-- -- --
Cran~on seEtemsuinosa 
-- --
0.22 
Sesarma reticulatum 
-- -- --
Uca spp. 
-- -- --
RexaEanopeus angustifrons 
Panoueus herbstii 
-- -- --
RhithroEanoEeus harrisii 
Brachyuran megalopae 
January 1969 - December 1969 
Apr. May June July Aug. 
10.99 13.80 15.93 16.09 7.68 
15.0 20.2 25.3 26.5 27.0 
8.00 6.30 6.50 6.06 5.09 
2 2 1 l l 
0.3 0.3 0.5 0.5 o.6 
5 7 3 5 7 
o.oo o.oo. 0.00 44.72 32.02 
-- -- -- ·-- 0.56 
-- -- --
1.00 
-- -- -- --
0.56 
-- -- --
42.21 30.90 
-- -- --
1.51 
Sept. Oct. 
12.71 14.78 
23.8 20.3 
4.87 6.12 
l l 
0.8 0.7 
3 3 
17.04 o.oo 
17.04 
Nov. 
15.71 
15.2 
8.10 
1 
1.0 
5 
0.00 
Dec. 
17.86 
5.0 
10.00 
l 
o.4 
5 
o.oo 
~ 
l.n 
"' 
R
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Station Y20 Bottom 
Jan. Feb. Mar. 
Salinity (o/oo) 15.10 17.73 15.21 
'I'emperature (C) 1.6 4.1 4.3 
Dis. Oxygen (mg/1) 11.75 -- 11.67 
Decapoda (No./1000 liters) 
Total larvae o.oo 0.53 o.oo 
Palaemonetes spp. --· -- --
OgY!'ides limicola 
-- -- --
Crangcn seEtemspinosa 
--
0.53 
UPogebia affinis 
-- -- --
Pagurus longicarPus 
Euceramus Praelongus 
Sese..rma reticulatum 
-- -- --
Uca spp. 
-- -- --
Pinnotheres maculatus 
P, cst:-eum 
Neopanope texana sayi 
-- -- --
Panopeus herbstii 
Rhithropancneus harrisii 
-- -- --
Brachyuran megalopae 
January 1968 - December 1969 
Apr. May June July Aug. 
14.80 12.60 13.02 13.87 15.77 
14.8 18.3 26.7 28.5 26.7 
7.76 6.55 5,70 5,56 4.91 
o.oo 13.76 4.68 16.21 38.42 
-- --
0.78 3.24 
-- -- --
1.08 4.37 
-- --
o._39 
-- -- -- --
0.87 
-- --
0.78 7,57 31.44 
-- --
0,39 1.08 
--
13,76 2.34 3.24 1.74 
Sept. Oct. 
17.04 17.60 
24.9 20.2 
6.68 6.49 
14.04 0.72 
10.53 0.72 
3,51 
Nov. 
16.63 
10.7 
8.60 
0.00 
Dec. 
17.81 
7.0 
9.24 
o.oo 
,i:.. 
lJ'I 
w 
R
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Station Y20 Bottom 
Jan. Feb. V'J.ar. 
Salinity (o/oo) 16.52 16.30 18.60 
Temperature (C) 1.3 4.5 3.7 
Dis. Oxygen (mg/1) 10.58 10.13 11.00 
Decauoda (Ko./1000 liters) 
Total larvae o.oo 0.00 0.24 
Palaemonetes spp. 
-- -- --
Ogyrides limicola 
-- -- --
Crangon septemsEinosa 
-- --
0.24 
Uuogebia affinis 
-- -- --
Pagurus longicaruus 
-- -- --
Euceramus praelongus 
-- -- --
Sesarma reticulatum. -- -- --
Uca spp. 
-- -- --
Pinnotheres maculatus 
-- -- --
P. ostreum 
-- -- --
Neopanope tex~ sayi 
-- -- --
Panoueus herbstii 
-- -- --
RhithroEanopeus harrisii 
Brachyuran megalopae 
-- -- --
January 1969 - December 1969 
Apr. May June July Aug. 
11.02 14.13 16.75 17.48 11.02 
15.3 20.2 24.6 26.3 26.8 
8.oo 6.40 5.74 4.55 4.50 
0.57 o.oo 0.79 187.85 4.76 
-- -- --
1.74 0.95 
-- -- --
19.14 
--
0.57 
-- -- --
5.22 
-- -- -- -- --
-- -- -- -- --
-- -- --
5.22 
-- --
0.79 142.61 3.81 
-- -- --
1.74 
--
-- -- --
1.74 
-- -- --
5.22 
-- -- --
5.22 
-- -- -- -- --
Sept. Oct. 
17.26 15.54 
23.3 19.7 
3.40 6.49 
22.15 0.00 
2.96 
0.74 
0.74 
15.49 
0.74 
1.48 
Nov. 
16.69 
15.6 
8.20 
o.oo 
Dec. 
19.05 
5.6 
9.40 
o.oo 
.i::-
VI 
~ 
R
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Station Y25 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) 4.88 10.16 11.78 
Temperature (C) 2.3 4.9 4.3 
Dis. Oxygen (mg/1) 10.50 
--
11.48 
Sea Conditions l 2 l 
Secchi disc vis. (m) o.4 o.6 0.5 
Tide Stage 7 7 l 
Decapoda (No./1000 liters) 
Total larvae o.oo o.oo o.oo 
Palaemonetes spp. 
Ogyrides limicola 
Crangon septemspinosa 
Sesarma reticulatum 
Uca spp. 
-- -- --
P. ostreum 
-- -- --
Neouanoue texana sayi 
-- -- --
Rhithropanopeus harrisii 
-- -- --
Brachyuran megalopae 
January 1968 - December 1968 
Apr. May June July Aug. 
6.94 9.68 10.32 10.87 14.14 
15.3 19.7 27.8 29.6 28.4 
7.26 6,33 5.78 5.64 5.59 
l l 2 l l 
0.3 0.5 0.9 0.9 o.6 
8 l 2 7 1 
Ho 
o.oo o.49 8.14 592.44 Sample 
-- --
o.48 590.76 
--
-- --
o.48 
-- -- --
o.84 
--
--
o.49 7.18 o.84 
--
Sept. Oct. 
15.ll 15.77 
25.4 20.4 
6.16 6,39 
1 l 
0.9 0.9 
l 7 
0.90 0.20 
o.45 
--
0.20 
o.45 
Nov. 
9.94 
ll.l 
8.36 
1 
o.6 
7 
0.00 
Dec. 
13.92 
6.8 
8.10 
l 
o.4 
2 
0.00 
~ 
VI 
VI 
R
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Station Y25 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) 14.14 14.oo 16.90 
Temperature (C) 1.6 5.0 3.8 
Dis. Ox;ygen (mg/1) 10.70 10.51 10.80 
Sea Conditions l 1 1 
Secchi disc vis, (m) 0.5 0.5 0.5 
Tide Stage 2 5 5 
Decapoda (No./1000 liters) 
Total larvae 0.00 o.oo 0.19 
Palaereonetes spp. 
-- -- --
Ogyrides limicola -- -- --
Crangon septemsEinosa -- -- 0.19 
Sesarma reticulatum 
-- -- --
Uca spp. -- -- --
P. ostreum -- -- --
Neouanoue texana sayi 
Rhithrouanoueus harrisii -- -- --
Brachyuran megalopae 
January 1969 - December 1969 
Apr. May June July Aug. 
7.36 11.15 13.52 14.58 5.54 
15.5 21.l 26.0 26.2 27.1 
8.51 6.05 6.32 6.20 4.52 
2 l l l l 
0.2 0.3 o.4 o.6 0.5 
5 7 3 5 7 
o.oo o.oo 2.75 219.14 400.00 
-- --
2.64 
-- -- --
1.98 
--
-- -- -- 1.98 --
-- --
2.75 208.58 396.49 
-- -- --
2.64 
-- -- --
1.32 3.51 
Sept. Oct. 
12.51 14.03 
24.3 20.6 
4.27 5.95 
l 1 
0.7 0.2 
3 3 
17.46 0.00 
17.46 
Nov. 
13.-45 
15.6 
7.60 
1 
0.8 
5 
0.00 
Dec. 
15.66 
5.0 
9.60 
1 
0.3 
3 
0.00 
.i:-
V'I 
°' 
R
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Station Y25 Bottom 
Jan. Feb. Mar. 
Salinity (o/oo) 12.95 14.42 13.70 
Temperature (C) 2.4 4.4 4.3 
Dis. Oxygen (mg/1) 10.16 
--
10.65 
Decapoda (No./1000 liters) 
Total larvae o.oo 0,00 o.oo 
Palaemonetes spp. 
-- -- --
Ogyrides limicola 
-- -- --
Hippolyte pleuracantha 
-- -- --
Sesarma reticulatum 
-- -- --
Uca spp. 
-- -- --
Pinnotheres maculatus 
P. ostreum -- -- --
Hexapanopeus angustifrons 
Neopanope texana sayi 
?anopeus herbstii -- -- --
Rhithrouanopeus harrisii 
-- -- --
Brachyuran· megalopae 
January 1968 - December 1969 
Apr. May June July Aug. 
8.55 10.14 10.50 12.20 14.10 
15.3 17.6 27.3 28.8 25.9 
7.30 6.45 5.54 4.90 5.45 
o.oo o.44 13.68 64.70 24.18 
-- --
1.52 1.00 2.20 
-- -- -- -- --
-- -- -- -- --
-- -- -- --
1.10 
-- --
6.08 49.76 15.38 
-- --
1.52 
-- -- -- --
1.10 
--
o.44 4.56 13.94 4.40 
Sept. Oct. 
15.41 16.40 
24.8 20.4 
5.68 6.13 
1.54 o.oo 
-- --
0.77 
0.77 
Nov. 
16.38 
11.0 
8.50 
0.33 
0.33 
Dec. 
15.67 
6.3 
9.14 
o.oo 
~ 
VI 
'-I 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station Y25 Bottom 
Jan. Feb. Mar. 
Salinity (o/oo) 14.64 13.6 18.6 
Temperature (C) 1.2 4.4 3.5 
Dis. Oxygen (mg/1) 10.72 10.04 10.41 
Decapoda (No./1000 liters) 
Total larvae o.oo o.oo o.oo 
Palaemonetes spp. -- -- --
Ogyrides limicola 
-- -- --
Hippolyte uleuracantha -- -- --
Sesarma reticulatum -- -- --
Uca spp. 
-- -- --
Pinnotheres maculatus 
-- -- --
P. ostreum -- -- --
Hexapanopeus angustifrons --
-- --
Neouanoue texana sayi 
-- -- --
Panopeus herbstii 
Rhithrouanoueus harrisii 
-- -- --
Brachyuran· mega:i.opae 
-- -- --
January 1969 - December 1969 
./1.rp. May June July .Aug. 
9.13 12.40 14.76 15.60 7.26 
15.4 20.7 24.7 26.2 26.7 
7.92 6.64 4.90 4.40 4.78 
o.oo o.oo 2.52 115.18 29.89 
-- --
0.84 5.29 4.67 
-- --
o.84 6.60 
-- -- -- -- --
-- -- --
5.29 
-- -- --
80.79 22.43 
-- -- --
1.32 
--
-- -- --
14.57 
-- -- -- -- --
-- -- -- 1.32 
-- --
o.84 
--
2.79 
-- -- -- -- --
Sept. Oct. 
17.78 13.98 
24.o 20.0 
1.71 5.75 
11.01 0.00 
o.44 
o.44 
8.81 
o.44 
o.44 
o.44 
Nov. 
15.33 
15.5 
7.60 
0.00 
Dec. 
17.38 
15.4 
7.50 
0.00 
~ 
U'I 
0) 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P30 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) 
--
7.61 9.10 
Tel!lperat-..ire ( C) 
-- 4.5 4.o 
Dis. Oxygen (mg/1) 
-- --
11.34 
Sea Conditions -- 1 1 
Eecchi dis vis. (m) 
--
0.5 0.5 
Tide Stage 
--
4 5 
Decapoda (No./1000 liters)l'Jo 
Total larvae Sample 0.00 0.00 
Palaereonetes spp. 
-- -- --
Unogebie affinis 
Sesarma.:reticulatum 
Uca suu. 
- --
-- -- --
Panoueus herbstii 
Rhithronanoueus harrisii 
-- -- --
January 1968 - December 1968 
Apr: May June July Aug. 
2.14 6.95 6.31 5.99 8.82 
16.4 18.9 28.4 29.2 28.7 
6.12 4.58 4.66 4.56 3.15 
l l 2 1 1 
0.2 0.2 0.3 o.4 o.4 
l 7 3 7 2 
0.00 o.oo 215.62 171.54 100.52 
-- --
2.34 0.73 1.06 
-- --
152.34 125.55 50.79 
-- --
60.94 45.26 48.67 
Sept. Oct. 
11.94 11.93 
25.4 20.9 
3.82 4.88 
l l 
0.5 0.7 
2 7 
30.77 o.oo 
o. 70 
1.40 
28.67 
Nov. 
7.18 
11.5 
8.82 
1 
o.4 
8 
o.oo 
Dec. 
8.51 
8.2 
8.00 
l 
0.3 
2 
o.oo 
~ 
V1 
\0 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P30 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) 7.95 7.30 10.20 
Temperature (C) 2.8 4.9 4,5 
Dis, Oxygen (mg/1) 9,14 9.70 10.90 
Sea Conditions 1 1 1 
Secchi dis vis. (m) 0.3 0.3 0.5 
Tide Stage 2 3 6 
Decapoda (No./1000 liters)· 
Total larvae 0,00 0.00 o.oo 
Pal~emonetes spp. 
-- -- --
Upogebia affinis 
-- -- --
Sesarma.reticulatum 
-- -- --
Uc&. spp. 
-- -- --
Panopeus herbstii 
-- -- --
Rhi thro;pan~ harrisii 
-- -- --
January 1969 - December 1969 
Apr. May June July Aug. 
2.78 5.71 9.05 9.41 o.::J 
15,3 20.5 26.1 26.8 27.0 
6.87 5.58 3.94 5,96 3.09 
1 1 1 1 1 
0.1 0.2 o.4 o.4 0.2 
7 7 5 5 7 
o.oo o.oo 89.20 430,98 61.27 
-- -- --
2.41 
--
-- -- -- --
1.02 
-- -- --
0.97 
-- --
87 .11 421. 79 60.25 
-- -- --
o.48 
-- --
2.09 5,33 
--
Sept. Oct. 
8.23 9.99 
24.8 21.3 
2.74 4.74 
1 1 
0.7 0.2 
3 3 
7.15 o.oo 
o.45 
6.25 
o.45 
Nov. 
8.76 
15,9 
6.80 
1 
0.3 
6 
0.00 
Dec. 
9.96 
7,1 
8.50 
1 
0.3 
5 
o.oo 
,I:'-
°' 0 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P30 Bo~tom 
Jan. Feb. Mar. 
Salinity (o/oo) 
-- 13.33 12.77 
Temperature (C) 
--
4.4 3.8 
Dis. Oxygen (mg/1) --
--
10.24 
Decapoda (No./1000 liters)No 
Total larvae Sample o.oo 0.00 
Falaemonetes spp. -- -- --
Sesarma ciner~u..~ 
S. reticulatum 
Uca spp. 
-- -- --
Rhithro:e_anopeus harrisii 
-- -- --
January 1968 - December 1968 
Apr. May June July Aug. 
3.38 7.10 7.35 7.30 9.45 
15.7 17.6 27.9 28.7 27.7 
5.98 5,51 4.82 2.98 3,61 
o.oo o.oo 71.76 301.27 612.00 
-- --
2.35 5.12 8.00 
-- --
40.00 242,31 540.00 
-- --
29.41 53.84 64.oo 
Sept. Oct. 
12.22 12.99 
24.7 20.9 
4.76 4.03 
60.76 0.00 
3.31 
2.21 
55.24 
Nov. 
10.66 
11.3 
7.90 
0.00 
Dec. 
10.94 
6.8 
8.40 
o.oo 
..... 
0\ 
I-' 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P30 Bottom 
Jan. Feb. Mar. 
Salinity (o/oo) 10.08 7.90 15.22 
Temperature ( C) 1.9 : 4_;3 4·~4 
Dis. Oxygen (mg/1) 9.76 
Decapoda (No. /1000 liters): 
9.59 9.52 
Total larvae o.oo 0.00 o.oo 
F~laemonetes spp. 
-- -- --
Sesarma cinereum 
-- -- --
S. reticulatum 
-- -- --
Uca spp. 
-- -- --
Rhithro~anopeus harrisii 
-- -- --
January 1969 - December 1969 
Apr. May June July Aug. 
3.33 6.71 10.71 11.03 : o.66 
15.3 20.4 25.2 26.1 26.7 
6.69 5.30 3.94 3.60 3.30 
o.oo o.oo 23.78 99.98 458.72 
-- --
4.20 11.10 
--
-- -- -- -- --
-- -- --
3.42 
-- -- 12.59 76.92 451.38 
-- -- 6.99 8.54 7.34 
Sept. Oct. 
11.90 l0.41 
24.8 20.4 
2.10 4.41 
10.55 o.oo 
5.28 
1.32 
3.95 
Nov. 
10.25 
15.4 
6.30 
0.00 
Dec. 
10.31 
6.9 
8.00 . 
o.oo 
~ 
°' I',,) 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P35 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) 
--
6.92 4.53 
Temperature (C) 
--
4.7 4.4 
Dis. Oxygen (mg/1) 
-- --
11.44 
Sea Conditions 
--
1 1 
Secchi disc vis. (m) 
--
o.4 0.3 
Tide Stage 
-- 4 5 
Decapoda (No./1000 liters)No 
Total larvae Sample o.oo 0.00 
Palaemonetes spp. 
-- -- --
Sesarma reticulatum 
-- -- --
Uca sun, 
-- -- --
--- ... _ 
Pinnotheres ostreu..~ 
::sreonanope texana sayi 
Panoneus herbstii 
-- -- --
Rhithronanopeus harrisii 
-- -- --
January 1968 - December 1968 
Apr. May June July Aug. Sept. 
0.24 2.42 2.04 1.76 3,87 7.59 
16.7 19.7 27.8 29.4 28.8 25.8 
7,72 6.13 5.08 5.44 4.95 4.80 
1 1 l 1 1 1 
0.3 0.2 0.3 o.4 o.4 0.7 
1 6 3 7 3 2 
o.oo o.oo 704.36 210.25 31. 58 11 7 • 48 
-- -- --
1.08 
-- -- 0.83 --
-- --
701.04 196.23 4.86 o.49 
-- -- --
1.08 
-- --
2.49 11.86 26.72 116.99 
_Qct. 
7,36 
21.2 
6.41 
l 
o.8 
7 
0.35 
0.35 
Nov. 
4.36 
11.6 
9.22 
1 
0.3 
8 
0.00 
Dec. 
7,9 
8.94 
1 
0.2 
2 
0.00 
~ 
°' l,.) 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P35 Surface January 1969 - December 1969 
Jan. Feb. Mar. Apr. May June July Aug. 
Salinity (o/oo) 1.76 1.00 8.00 0.16 1.42 4.43 3.94 0.11 
Temperature (C) 2.3 4.9 3.8 15.3 20.7 26.7 26.8 27.6 
Dis. Oxygen (mg/1) 11.28 10.57 11.78 8.14 6.38 6.28 4.71 3.52 
Sea Conditions 1 l 1 2 1 1 1 1 
Secchi disc vis. (m) 0.2 0.2 o.4 0.1 0.2 0.3 0.3 0.1 
Tide Stage 7 2 6 
Decapoda (No./1000 liters): 7 7 5 7 7 
Total larvae o.oo .o.oo o.oo 0.00 o.oo 44.89J075.28 179.46 
Palaemonetes spp. 
-- -- -- -- --
0.51 --
Sesarma reticulatum 
Uca spp. 
-- -- -- -- --
25. 51 J053 .98 179 .46 
Pinnotheres ostreum 
-- -- -- -- -- --
1.42 
Heopanope texana sayi 
-- -- -- -- -- --
2.84 
Panopeus herbstii 
-- -- -- -- -- --
1.42 
Rhithropanopeus harrisii 
-- -- -- -- --
18.87 15.62 
Sept. Oct. 
1.67 5.74 
25.8 21.0 
3.75 5.46 
1 1 
o.4 0.3 
3 3 
o.oo o.oo 
Nov. 
5.70 
15.6 
7.64 
1 
o.6 
6 
o.oo 
Dec. 
3.38 
6.7 
8.90 
1 
0.1 
5 
o.oo 
~ 
a. 
~ 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P35 Bot-com January 1968 - December 1968 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct • Nov. Dec. 
Salinity (o/oo) 
Temperature (C) 
Dis. Oxygen (mg/l) 
Decapoda (No./1000 liters)No 
8.80 
4.4 
Total larvae Sample 0.00 
Palaemonetes spp. 
Ogyrides limicola 
Uca spp. 
Rhithropanopeus harrisii 
Brachyuran megalopae 
5.65 
3.3 
10.05 
o.oo 
0.27 
16.2 
7.08 
o.oo 
2.60 
17.6 
6.29 
2.15 
27.5 
5.30 
1.89 
28.9 
50.2 
4.34 
27.7 
4.57 
0.00 223.25 340.89 510.09 
0.99 
7.70 
25.0 
5.10 
7.81 
20.3 
6.oo 
93.06 0.00 
10.7 
213.95 311.33 236.36 1.07 
9.30 28.57 273.73 90.92 
4.85 
8.74 
0.00 
4.74 
6.7 
7.96 
o.oo 
~ 
°' VI 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P35 Bottom 
Jan. Feb. Mar. 
Salinity {o/oo) 1.74 0.70 8.00 
Temperature {C) 2.7 3.1 4.2 
Dis. Oxygen (mg/l) 11.28 10.51 10.70 
Decapoda (No./1000 liters) 
Total larvae o.oo 0.00 o.oo 
Palaemonetes spp. 
-- -- --
Ogyrides limicola 
-- -- --
Uca spp. -- -- --
RhithrouanoEeus harrisii -- -- --
Brachyura~ megalopae 
-- -- --
January 1969 - December 1969 
Apr. May June July Aug. 
0.17 l.50 5.14 4.60 O.ll 
15.6 20.4 26.0 26.3 . 26.8 
8.10 6.09 4.04 3.74 3.09 
o.oo 0.00 73.39 353.19 66.06 
-- -- --
21.28 
-- --
l.83 
--
-- --
14.68 109.22 66.06 
-- --
j6.88 221.27 
-- -- --
1.42 
Sept. Oct. 
2.86 5.88 
24,7 20.3 
2.47 5.05 
l.29 o.oo 
1.29 
Nov. 
5.84 
15.5 
6.72 
0.00 
Dec. 
3.68 
6.4 
9.00 
o.oo 
~ 
°' 
°' 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P40 Surface 
Jan. Feb. Mar. 
Salinity (o/oo) -- o.42 0.34 
Temperature (C) 
--
4.4 4.5 
Dis. Oxygen (mg/1) 
-- --
12.28 
Sea Conditions 
--
l 1 
Secchi disc vis. (m) 
--
0.2 0.2 
Tide Stage -- 4 5 
Decapoda (No./1000 liters)No 
Total larvae Sample o.oo o.oo 
Palaemonetes spp. 
-- -- --
Upogebia affinis 
Sesa~ spp.* -- -- --
u~a sp:p. 
-- -- --
RhithrouanoEeus harrisii -- -- --
*Damaged; not identifiable to species. 
January 1968 - December 1968 
Apr. May June July Aug. 
.0 .•. 10 o.43 0.23 o.45 1.67 
17.0 20.0 27.9 30.1 28.7 
7,58 6,55 5.92 5,72 4.61 
l l 1 1 l 
0.2 0.2 0.2 o.6 0.2 
1 5 3 7 3 
o.oo o.oo 185.37 10.30 2.98 
-- -- -- -- --
-- --
0.98 
-- --
181.46 9,76 0.99 
-- -- 2.93 0.54 1.99 
Sept. Oct. 
3.56 3.72 
25.6 21.l 
5.28 7,37 
1 l 
0.2 o.6 
2 7 
24.58 0.61 
o.66 
13.29 
10.63 0.61 
Nov. 
2.36 
10.9 
9.46 
l 
0.3 
1 
o.oo 
Dec. 
1.60 
7.6 
9.80 
1 
0.2 
2 
0.00 
~ 
°' 
" 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P4o Surface 
Jan. Feb. Mar. 
Salinity (o/oo) o.43 0.10 2.20 
Temperature (C) 2.2 4.7 4.5: 
Dis. Oxygen (mg/1) 11.82 10.70 11.37 
Sea Conc.itions 1 1 ., .L 
Secchi disc vis. (m) 0.2 0.2 0.3 
Tide Stage 7 
Decapoda (No./1000 liters): 
2 7 
Total larvae o.oo o.oo o.oo 
Palaemonetes spp. 
Upogebia affinis -- -- --
Sesarma spp.* 
Uca spp. 
-- -- --
Rhithropanopeu~ harrisii 
-- -- --
*Damaged; not identifiabl1 
January 1969 - December 1969 
Apr. May June July Aug. 
0.16 0.50 1.08 0.92 0.06 
15.7 21.0 25.9 26.6 27.8 
7.90 7.31 5.16 5.37 3.50 
2 1 1 1 1 
0.2 0.3 0.2 0.3 0.2 
7 7 6 7 7 
o.oo o.oo 14.29 38.82 1.35 
-- -- --
o.43 
-- --
10.90. 35.82 1.35 
-- -- 3.39 2.57 
Sept. Oct. 
0.09 1.02 
25.1 21.0 
4.23 6.45 
1 1 
0.3 0.2 
3 3 
o.45 0.00 
o.45 
Nov. 
1.34 
15.6 
7.16 
l 
0.3 
7 
o.oo 
Dec. 
0.34 
6.1 
8.90 
1 
0.1 
5 
0.00 
.i:,. 
0\ 
00 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
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Station P40 Bottom 
Jan. Feb. 1'1'.ar • 
Salinity (o/oo) 
--
o.43 o.44 
Temperature (C) 
--
4.o 4.4 
Dis. Oxygen (mg/l) 
-- --
ll.26 
Decapoda (No./lOOO liters)No 
Total larvae Sample 0.00 o.oo 
Cran~on seEtemspinosa 
Uca spp. 
-- -- --
Rhithropanopeus harrisii 
-- -- --
January l968 - December l968 
Apr. May June July Aug. Sept. 
0.09 o.46 0.26 o.46 l.48 3.56 
l6.6 17.8 27.8 29.0 27.6 25.1 
7.30 6.51 5.82 5.54 5.93 5.20 
0.00 o.oo 648.05 99.00 38.09 113.89 
-- --
640.26 85.00 9.52 4,17 
-- --
7,79 14.oo 28.57 109.72 
Oct. Nov. 
4.16 2.57 
20.1 10.6 
6.49 8.98 
o.oo 0.00 
Dec. 
l.59 
6.8 
9.8o" 
0.00 
.i:-
0\ 
\0 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P40 Bottom 
Jan. Feb. Mar. 
Salinity (o/oo) o.42 0.10 2,93 
Tem.peratui·e ( C) 2.8 3.8 4.2 
Dis. Oxygen (mg/J.) 11.76 10.55 11.23 
Decapoda (No./1000 liters) 
Tote.l larvae o.oo o.oo o.oo 
Cran~on seEtemsninosa -- -- --
Uca spp. 
-- -- --
Rhithropanopeus harrisii 
-- -- --
January 1969 - December 1969 
Apr. May June July Aug. 
0.08 0.27 l.21 0.91 0.08 
15.9 20.6 25.7 26.J. 26.8 
7,70 7.31 4.62 4.61 3.66 
o.oo 0.00 18.60 530.86 35.28 
-- -- --
l.50 
-- --
9.52 508.27 35,28 
-- --
9.08 21.09 
Sept. Oct. 
0.28 1.17 
24.6 20.6 
4.31 5.97 
l.83 o.oo 
l.83 
Nov. 
l.68 
15.6 
7.20 
o.oo 
Dec. 
0,37 
6.l 
9.90 
o.oo 
.j:l,, 
....... 
0 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P50 Surface January 1968 - December 1966 
Jan. Feb. Mar. Apr. May June July Aug. 
Salinity (o/oo) 
--
0.06 0.07 0.07 0.07 0.08 0.08 0.14 
Temperature ( C) 
--
4.7 4.7 16.7 20.8 28.9 30.8 28.9 
Dis. Oxygen (:mg/1) 
-- --
12.22 8.55 7.36 7.15 6.83 6.31 
Sea Conditions 
-- --
1 1 1 1 1 1 
Secchi disc vis. (m) 
-- --
o.4 o.6 0.3 o.4 o.6 o.6 
Tide Stage -- 4 
Decapoda (No./1000 liters)No 
5 1 4 4 8 3 
Total larvae Sample o.oo o.oo o.oo o.oo 3.20 1.44 1.27 
Uca spp. 
-- -- -- -- --
2.80 1.44 1.27 
Rhitrr:opanopeu~ _harrisii 
-- -- -- -- --
o.4o 
-- --
Sept. Oct. 
0.36 0.91 
25.7 21.0 
7.00 7.08 
1 1 
o.6 o.4 
3 7 
2.70 o.oo 
0.39 
2.31 
Nov. 
0.81 
8.9 
9.46 
1 
o.4 
1 
0.00 
Dec. 
0.39 
6.7 
9.80 
1 
0.2 
2 
0.00 
~ 
...... 
,_. 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P50 Sur:face 
Jan. Feb, Mar. 
Salinity (o/oo) 0.14 0.08 0.10 
Temperature (C) 1.8 4.9 4.3 
Dis. Oxygen (mg/1) 11.70 10.57 11.25 
Sea Conditions 1 1 1 
Secchi disc vis. (m) 0.2 0.3 0.2 
Tide Stage 7 2 7 
Decapoda (No./1000 liters); 
Total larvae o.oo 0.00 0.00 
Uca spp, -- -- --
Rhithropanopeus harrisii -- -- --
January 1969 - December 1969 
Apr. May June July Aug. 
0.14 0.08 0.21 0.12 0.06 
16.8 22.2 27.5 26.5 27.4 
7.90 8.59 6.70 4.99 3.86 
1 1 1 l l 
0.2 o.6 o.6 o.4 0.2 
7 l 5 7 1 
o.oo o.oo 1.18 2.32 0.73 
-- --
0.59 2,32 0.73 
-- -- 0.59 
Sept. Oct. 
0.07 0.10 
25.3 20.9 
--
5,97 
l 1 
0.5 0.3 
4 3 
o.oo 0.00 
Nov. 
0.13 
15.2 
7.94 
l 
0.3 
7 
o.oo 
Dec. 
0.10 
4.6 
10.60 
1 
0.2 
5 
o.oo 
~ 
'-I 
N 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station P50 Bottom 
Jan. Feb. Mar. 
Salinity (o/oo) 
--
0.06 O.lO 
Temperature (C) 
--
4.8 5.2 
Dis. Oxygen (mg/1) 
-- --
ll.56 
Decapoda (No./1000 liters)No 
Total larvae Sample 0.00 o.oo 
Uca spp. 
-- -- --
Neopanope texana sayi 
-- -- --
Rhithro2anoueus harrisii -- -- --
January i968 - December 1968 
Apr. May June July Aug. 
0.06 0.07 0.08 O.l2 0.15 
l6.6 l9.0 28.5 29.7 27.8 
8.51 7.62 6.73 5.64 6.01 
0.00 o.oo 7.84 5.l3 4.05 
-- --
6.86 5.13 
--
-- -- -- --
l.35 
-- --
0.98 
--
2.70 
Sept. Oct. 
l.09 0.90 
25.2 20.5 · 
6.88 6.78 
6.66 o.oo 
0.95 
5.71 
Nov. 
o.84 
8.8 
9.64 
o.oo 
Dec. 
o.4o 
6.2 
10.00 
o.oo 
~ 
" w 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
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Station P50 Bottom 
Jan, Feb. Mar. 
Salinity (o/oo) 0.14 0.03 0.10 
Tem.perature (C) 2.2 4.3 4.o 
Dis. Oxygen (mg/1) 12.14 10.72 11.15 
Decapoda. (No./1000 liters) 
Total larvae o.oo o.oo o.oo 
Uca sun. -- -- --
- ·-Neopa.none texana. sayi 
Rhithropanopeus harrisii -- -- --
!: 
January 1969 - December 1969 
Apr, May June July Aug. 
0.20 0.08 0.09 0.10 0.08 
16.8 21.9 26.1 26.1 26.9 
7,78 8.25 5.60 4.91 4.07 
o.oo 0.00 · 9.24 29.89 3,77 
-- --
4.62 22.99 3,77 
-- --
4.62 6.90 
Sept. Oct. 
0.18 0.10 
24.6 20.8 
--
6.06 
o.oo 0.00 
Nov. 
0,13 
15.6 
7,90 
o.oo 
Dec. 
0.13 
4.6 
10.00 
0.00 
~ 
-..J 
.i:,. 
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Appendix C 
Abundance of the Various Larval Stages of Each Species Collected 
in Monthly Samples, January 1968 - December 1969 
Data for each station and depth are summarized separately. Abundance 
of larvae is expressed as numbers per 1000 liters of water (no./1000 liters). 
Only months in which larvae were found are included in the tables; exclu-
sion of certain months from a given table indicates that no larvae were 
collected then. Also, only those larval stages of a species that were 
collected are included in these tables; exclusion of a given stage from 
a series inaicates that no larvae of that stage and species were collected 
at that station and depth. Stages are coded as follows: PZ = protozoea, 
Z = zoea, M = megalopa, PL= postlarva. 
475 
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Station A05 Surface 1968 - 1969 Jun. Jul, Aug, Sept. Oct, Nov. Dec. May Jun, Jul, Aug. Sept. Oct, 
Lucifer faxoni 
~w-
- - - -- --
o.~o 
-- -- - -- -
0,48 
Z I 
- -- --
0.28 
- - -- - - - - -
1.44 
PL 
-- -- - --
0,72 
-- . 
?alaeoonetes spp, 
Z I 
- - - - -- - -- -
0,42 
-
Aloheus noroanni 
ZI-
!I 
- --
0.91 
- -- -- -- -- -- -
1.02 
III 
- -- - -- - -- -- - -- --
1.02 
Hiopolyte pleuracantha 
Z I 
- - - -- - -- - -
0,42 
Crangon seotemspinosa 
Z I 0,28 
-- -- - - --
0.23 2.71 1.69 
-- -- -
0.72 
II 
-- - -- - - --
0,4S 5.63 2,54 
III 
- -- -- - - - -
3.96 
IV 
- - - - - - -
0.63 
V 
-- - - -- -- - -
0.63 0.42 
Upogebia affinis 
Z I 
- - - -- - - - - -
0,39 4.09 0.81 0.96 
II 1.12 
-
1,83 
-- -- -- - - -
0.39 1.02 0.54 
III 
-- -
0.91 
- --· -- - - - -- --
. 0.27 
~ talpoida 
Z II 
- - - - - - - - -
0.39 
--
Pagurus longicarpus 
Z I 
- - -
0,24 
- - -- - -
0,51 
-
0.48 
Euceramus praglongus 
Z I 
-- - --
0.83 .-- -- . - - - 0.42 0.79 
II. 
-- -- -
0.56 
Pol~ gibbesi 
Z II 
- - -
0.28 O.S3 
--
Cancer irroratcs 
---Z I 
-- - --
0.28 
-- -- - -
0.42 0.39 
. 
II 
-- -- - -- -- -· -
0.21 
-- - - -
0.24 
IV 
- - - - -- -- -
0.21 
~spp. 
Z I 
- - -- -- -- - - -- - - -- -
0.24 ~ 
...... 
Uca SH), 
°' Z I 
-- -- - -- - - - - -
0,39 
II 
-
0.80 0.91 
-- -- -- - - -
0.79 0.51 
III 0,28 o.ao 3.65 
-- -- - - -- -
0.39 0.51 
IV 
-
o.ao 0,91 
- - - - - -
0.39 
-
0,24 
R
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Station AOS Surface 1968 - 1969 (Cont/d} 
Jun. .Jill. Aug. Sept. Oct. Nov. Dec. May . Jun. Jul, Aug. Sept, Oct, 
~ chaetopterana 
Z I 
-
a.so 
-- -- - -- - - --
1.58 
II 
- - -- - - - - - -
0.39 
III 
-- - - -- - - - - -
0.79 
!.:. c:ylindrica· 
Z II 
- - -- -- - - - - - - - -
0.24 
!_. sayana 
Z II 
-
a.so 
-
Pinnotheres maculatus 
ziv 
- -
0,91 
Cal!inectes sapidus 
Z I 27.41 272.15 412.79. 1.94 
- - - -
18.64 33,53 ·. 4.60 · 4.05 
II 0,28 4,79 7,31 0.56 
- - -- - - -- - --III 
- - --
0.28 
- - - - - --· 
Ovali~ ocellatus 
z r 
- - -
0.28 
- -- - -
0.42 
- - -
0.24 
II 
- -
0,91 
- - - - - - - - -
0.48 
IV 
- - -- - - -- - - -- - - -
0.24 
Hexapanooeus angustifrons 
Z I 
-
7.18 15.53 0.56 
- - - -
0.85 
-
3.58 
II 
-- -
10.05 0.28 
-- -- -- --
0,42 1,58 1.02 
--
0.24 
III 
- -
0.91 3,06 0.24 
- -- - - -
0,51 
--
0.48 
IV 
- -
0,91 1.39 
- -- - - -- - - -
0.48 
Neopanope ~ sayi 
Z I 
- --
0.91 0.28 
-- - -- - -
1,18 1.02 
II 
- -
0.91 0.56 
- - - - -
0,39 0.51 
III 
-- - -
0.83 
- - - -
0.42 
IV 
- - -
0,28 0,24 
--
Panooeus herbstii 
Z II 
- -
1.83 
-
Unident. :xanthid 
Z I 
-- - - -- - - - - - -
-0.51 
III 
- -
0.91 
IV 
- - -
0.281 
~ 
....... 
....... 
R
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Station A05 Bottom 1968 - 1969 
Jun. Jul.. Aug. Sept. Oct, Nov. Jan, Feb. Mar. Apr. May Jun, Jul. Aug, Sept, Oct.· 
Luc ifor fsxoni 
~.-w-- -- -- -- -- -- 1.38 
z I 
-- -- -- -- --
0.69 
III 
-- -- --
0.82 
--
0.69 
PL 
-- -- -- -- --
1.38 
-- -- -- -- -- -- -- -- --
3.60, 
Palae:ionetes spp. 
Z I 
-- -- -- - -- -- -- -- -- - -- --
0.40 
III 
-- -- -
0.41 
Hiooolyte pleuracantha 
Z I 
--
. --
- - -- -- . -- - - -- -- -- - 0.10. 
III 
- -- -
0.41 
Crangon seote:ispinosa 
Z I 2.50 3,90 
--
0.41 
- --
5.31 1.45 0.44 4.38 11.78 1.15 0.79 
II 
-
0.98 0.96 
- -- -- - -- -- -
39.27 ·1,15 
-
III 
- --
0.96 
-- - -- - -- -- --
22.36 
-
0.40 
IV 
-- -- -- -- -- -- -- -- -- -
6,65 
V 
-- -- - -- - - -- -- - --
3.93 0.77 
VI 
- - -- -- - -- - -- - -
0,60 
Callianassa sp. B 
Z I 
-- -- - - --
-- . 
-
.-
- -- - -
0.40 
Upogebia ~ 
Z I 
-
l.95 
- - - - - - - - - --
l,19 8,42 
H 
-
l.95 1.91 0.41 
- -- -- - - - - -- -
1.40 0.29 
III 
-
0.98 
-
1.24 
- - - - - - - -
- . 
-
0.29 
IV 
-- --
0.96 4.12 
E:erita talpoida 
Z I 
-
2.93 
--
Pa~~rus longicarpus 
Z I 
-- -
1.91 2.47 2.55 0.69 
-- -- - -
1.21 
-
0.79 
--
0.29 
II 
--
0,98 
-- --
0.36 
-- -- - - - -- -- - -
0.29 
III 
- -- --
0.41 0.36 
-- - - - - - - - -
0.58 
IV 
- - -- --
0.36 
- - - - -- - -
-- -
0.29 
!.:. 12ollicaris 
Z· I 
- -
l.91 1.24 0.36 
-- - -- - - -
-0.38 
- - -
· 3;60 
II 
- - --
0.41 
-- -- - - -- - - - - --
0.29 
£ucera:ius praelongus . 
z l 
-
0.98 1,91 2.06 0.78 
-
l.77 
-- - -- -
5.77 0.40 2.ll 
- --
II 
- - -
1.24 1.09 
- - -- - -- -
0.40 
-
0.58 
Polvonvx gibbesi 
Z II 
- - -
0,41 
-
Unident. :po::-cellanid . 
z lI 
- -- -
0.82 
Cancer irroratus 
---Z I 
-- -- --
0.41 0.73 
-- - -- -- --
3.32 0.38 
Sesar:a reticulatum ~ 
........ 
Z I 
-
0.98 
- - - -- - -- - - -- - -- -- -- --
co 
~spp. 
Z I 
-- - --
1.24 
-- -- -- -- -- -- -- --
0.40 
II 
- -- -
0.41 
~spp. 
Z II 
--
9.76 15,31 0.41 
- -- - - - -- --
0.38 0,79 
III 
-
3.90 26.79 0.41 
-- - -- -- -- -- --
0.38 
R
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Station A05 Bottom 1968 - 1969 (Cont/d) 
Jun. Jul. Aug. Sept. Oct. Nov. Jan. Feb. Mar. Apr. May Jun. Jul. Aus. Sept. Oct. 
ZIV 
- --
3.83 0.41 
-- -- - -- -- -- -- -- -
0.70 
V 
-- -- -
0.82 
- --
_ .. 
- -- -- - --
Pinnixa chaeto2terana 
Z I 
-
4.88 
-- -- - --
..... 
-- -- -- -- --
0.40 
--
0.87 
II 
--
l.95 
--
0.41 
-- - -- - -- -- -- --
0.40 0,70 
III 
- -- -
0.41 
- - -- - - -- --
":- - -
IV 
- - - -- --
--. 
- - -- -- -- - -- -
0,29 
P. cyl1ndr1ca 
Z I 
--
2.93 0.96 0.41 
- - - - - - -- --
III 
-- - --
0.41 
V 
-- - -- - -- -- - - - - - - -- ·- -
5.41 
P. savana 
- zT 
-
0.98 
-
0,41 
- - - - - - - --
V 
-
0':98 
-
0.82 
Pinnotheree maculatus 
Z I 
- - - --- - - -
0,48 
P. ostreum 
- _Z_I_ 
-
0.98 
- - - - - - - - - - - -
0,29 
IV 
-- --
...:. 
--
0.36 
Calli~ sa2idus 
Z I 32.50 24.39 ll.48 
- --
0.69 
-- - - - - --
0.40 0,70 0.29 
III 
- -- --
0.41 
M 
-- - -
0.41 
011al12£! ocellatus 
Z I 
- -- -
0.82 
-- --· 
II 
-- -
0.96 3.30 
-- - - - - - -- - - --
0,29 
III 
-- - -
0.41 
IV 
-- -- --
0,41 
Hexanor.oneusangustifrons 
l I 
-
14.63 86.12 6.19 
-- -- - - - - -
0.77 0.79 2,81 
II 
--
0.98 22.0l 14.43 
-- -- -- - - - - --
0.79 0.70 
III 
- --
4.78 15.67 
-- -- - -- - -- - --
0.79 
-
IV 
- - -
6.19 
-- -- -- - -- - --
0.38 
-- -- --
3.60 
Neopar.02e ™ sayi 
Z I 
-
0.98 l.91 2,47 
- - - - - -- -
0.38 
-
0,70 
II 
--
0.98 
--
4.12 
-- -- - - - -- - --
0.40 0.70 
III 
-- - --
7 .42 
-- -- - - - - -
0.38 
- --
0.58 
r.v 
-- -- --
2.47 
Pano2eus he=bstii 
Z I 
- -
0.96 
II 
- --
7.66 
- - - -- - -- - - --
0.40 
III 
-- --
1.91 0.82 
IV 
-- - - -- - -- -- - -- -- -- - -- -
0.29 
- ~ 
...... 
Unident. xanthid \0 
Z I 
-- -- --· 
0.82 
II 
-- --
0.96 0.41 
III 
- - -
0.82 
IV 
- -- --
0.41 
-- - -- - -- -- -- -- - - --
l,80 
Unident. brachyuran 
Z II 
-- - --
0.41 
M 
R
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Station COO Surface 1968 - 1969 
Feb, Apr. May Jun, Jul. Aug, Sept, Oct, Nov. Dec, Jan. Feb, Mar, Apr, May . Jun; Jul, Aug. Sept. Oct. 
~spp. 
0,15 PL 
- -- - -- - --
Lucifer faxoni 
---z-iff--
- - - - - -- - --
0.33 
PL 
-- - -- - --
.. -
-
2.55 
-- - -- - - - - - - - -
1.10 
Palaei:,onetes ~PP• 
Z II 
- - - -- - -
0.15 
-- -- -- - - - -
·-=- . 
- -
l,38 
III 
- - - - -
0.96 0.15 
IV 
- -- - -- -- -
0.15 
Aloheus norcanni 
--Y-II 
- - -- -- -
2,87 
III 
- - -- - -
0.96 
- - - -- - -- - - -· - -
0.46 
IV 
- - - - --
1~91 
!• sp. ("heterochaelis"1) 
Z III 
- - - - -
0.96 
- -- - - - - -
,-
Hipoolvte pleuracantha 
Z V 
-- -- -- - - -- - - - -- - -- -
-·· 
- - --
··0.46 
Cranson seotecspinosa 
Z I 17,05 1.21 470.53 
-- - - -- --
0.16 ·0.23 0,81 7.J.6 -4.25 0,17 10.07 0.85 
II 2.54 1.21 149.94 
- - - - -- -
0.23 
-
0,40 0.37 0.34 10.07 
-
III 0.25 
-
42.42 
- -- - - - - -- --
1.19 0.18 
--
8.32 0,42 
IV 0,25 0.20 12.82 
-- - - - - - - --
0.40 0,18 0.17 4.38 
V 
-
0.20 20.72 
-- - -· - - - - -- --
0.18 
-
2.63. -
VI 
--
0.81 1,97 
-- -- - -- - - -- -- -- -- --
2,19 
VII 0.25 
--
1.97 
-- -- - - -- -- -- --
0,40 
- -
3.50 
--
Callianassa sp. B 
Z I 
- - - -- - - -- - - - -- -- - -
-
-
-.- . 0.58 
II 
- - - -- - - - - - -- -- -- - - -· - -
0.46 
Upogebia affinis 
Z I 
- - - - -
1.91 
- - -- - - - -
-··· -•. 
-
0.58 1.38 
II 
- -- -- -
0.70 3.83 0.15 
- - -- -- - - - -· - --
2.75 0.49 
III 
-- - - -
0.70 0.96 
-- - - -- -- -- -- - - - - -
0.49 
IV 
- - - -- --
0.96 0.46 
Pa5urus longicarpus 
Z I 
-- -
1.97 
-- - --
0.15 
-- -- - -- - -- -··· 
·o.s8 0.42 2.89 0.46 
II 
- -- - -- -- -- -- -- -- -- -- - -- -
0.88 
--
o.ss 
III 
- - -- -
0.70 
- -- - - -- - - - --
0,44 
- -
IV 
- - -- - - -- -- - -- - -- - - - -
-·· -
0,46 
!• pollicaris 
Z.I 
- - - --
, 
- -- - - - - -- - -
- ·-
- -
0.58 
Eucer~ praelongus 
Z I 
-- - -- -- - --
0.46 0.26 
-- -- -- -- -
•- I -.·. 3.39 2,3133.94 1,47 
II 
-- - -- - - --
0.62 
- -- -- -- -- - - -
0.42 
--
4.13 0.49 
-
.::,.. 
00 
Pol~ gibbesf. 0 
Z I 
-- -- -- -
0.70 
- --
0.51 .--
-- -- -- -- -·· - - -
1.38 
II 
-- -- - -- - -- --
0.77 
Unident, porcellanid 
Z I 
-- -- -- -- - - -- -- -- -- -- - -- -- - - -
0.46 
II 
-- - - - - - -- - - -- - -- -- - ·- - -
0.45 
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Station COO Surface 1968 - 1969 (Cont/d) 
Feb, Apr, May Jun, Jul, Aug. Sept, Oct, Nov. Dec. Jan, Feb. Mar. Apr, May Jun. • Jul. Aug. Sept. Oct. 
Cancer irroratus 
---z l 
- - -- - -- - -- - -- - ·-- -- -
0,44 
- --
0,58 
-- --
0.55 
III 
--
.... 
- - - - -- - -- - - -- --
0.44 
!ill!!.!!. spp. 
Z I 
- - - - -- -- - - -- -- -- -- -- - - -
1.73 
-
!!£.! spp. 
Z I 
- - -- --
0.70 
!I 
-- - - --
3,48 6.·70 
III 
- - - -
0.70 27.75 0.46 
- -- -- - - - -- - --
2,31 0.92 
IV 
- - - - -
10.53 
- -- -- - -
...... 
- - - -
0,58 4.59 0,49 
V 
- - - - - -
0.15 
-- -- - -- -- - - - - -
l.38 0.49 
Pinnixa chaetopterana 
Z I 
- - - -
1,40 
-- - - - - -- - - - --
1.16 5.05 
II 
- - - - - - - -- - - -- -- - -- - -
6,36 4.13 
- --III 
- - - - - - - - - -- - -- - - --
5.20 4.13 0.98 
IV 
- - - - - -- - -- - - -- - - - - - -
0.46 
V 
- - - - - - -- - - -- -- -- - -- - - --
0,92 
P. savana 
- zT 
-- - - -- - - - - --
.-
- -- - - - - -
3.21 
II 
- - - -· 
0.70 0;96 
- -- -- -- - - -- -- - --
o.58 2.75 
Ill 
- - - - - - - - -- - - -- - - - - -
0,92 
IV 
- - - -- - -- -- -- -- -- -- - - - -- - --
l.83 
V 
- - - - - -- -
0,26 
- - - - - - - - -
0.46 
Unident. ~ 
Z I 
- - - -
0.10 
- - -- - - - - - - - - -
0.46 
II 
- - - - -- -- - -- - -- - - - -- - -
-
0.92 
Pinnotheres maculatua 
Z I 
- - - -- - -- - - - - -- - - - - - -
0.92 
II 
- - - - - - - - - -- - -
-- - - - - -
0.49 
IV 
-- -- - -- - -- - -- - -- - - -- - - - --
0,46 
V 
- -- - - - -- -
-- - - - -- - - - - -
0.46 
P. ostreum 
- zrv 
- - - - - -- - -
- - - - -
- - - --
0.46 
-
. 
Callinectes saoidus zi-~--
- - -
26.90 36.93 20.10 0.46 
- --
-- - --- ·- - --
0.42 O.S8 7.80 
II 
- - - - -- -
0.62 
-- - -- - --III 
- - - - -- -
0.77 
IV 
- -- - -- -- -
0.15 
OvaliJ?!.! ocellatus 
Z II 
-
. 
-- -- - -
-. 0.62 --
He:<a!)~ angus~ 
Z I 
- - -
0.43 9.76 180.86 0.46 
-- --
- - -- -- -- -
0.42 1.16 9.17 0.49 
II 
- -- - -
0.70 48.80 0.93 
-- -- -- -- - - - - -
2.31 s.so 
- ~ III 
-- -- - -
0.70 S.'14 l.08 
-- -- -- -- -- - - - -- -
2.75 
- - CX> IV 
-- - - -- --
1.91 ·0.62 -- - - -- - - -- - - -- 3.67 - - ..... 
~~™sayi 
Z: I 
-- - - --
2.09 l.91 0.15 
-- - - - - -- -- -
0.85 
-
5.05 0.49 
II 
-
-
- --
0.70 
--
0.46 ·- -- - - - - - 2.54 - l.83 0.49 III 
- - - - --
0.96 0.46 0.26 
-- -- -- -- -
- -
0.42 
- -
IV 
-- - - -- - -
l.08 
-- - - -- - - - - - -
-0.92 
R
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Station COO ·Surface 1968 - 19.69 (Cont/d) 
Feb. Apr, May Jun, Jul, Aug. Sept. 
Psr.o,eus herbstii 
Z 1 
-- - - - -
0.96 
-II 
-- - -- -- -
5,74 
--l!I 
-· -- - - --
1,91 
Unider.t xanthid 
Z I 
- -- - --
0.70 II 
- -- - - -- --
0.15 
III 0.96 
Brachyuran .-
M 0.31 
Oct, Nov. Dec, Jan, Feb, Mar, 
-- -- - -- -- -
-- -- -
- - - -- - -
Apr, May Jun, 
- - -
- - -
Jul, Aug. 
-
0,46 
Sept, 
0.98 
Oct, 
-
J:-
00 
N 
R
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Statio:i CCO Botto::,. 1968 - 1969 
Jan, Feb, Mar. Apr, l>'.e.y Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Jl.ar. Apr. 1".ay Jun. Jul. Aug. Sept. Oct, 
~fa:<oni 
FZ !\' 
-- -- -- - -- -- -- -- --
0,52 
-- -- -- -- -
-~ 
-- -- --
o.68 
Z III 
-- -- -- - -- -- --
0.54 
--
1,05 
-- -- ·- -- -- -- -- - -- --
o.68 
PL 
-- -- - -- -- -- -- -- -
1,57 
-- -- -- -- -- - -- -- - -
4.06 
Fa:ae=o~ spp. 
Z I 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -
o.48 
T• 0.74 .... 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -II:'. 
-- -- -- -- -- --
., __ 
-- -- -- -- -- -- -- -- --
0,38 
P.i t'!:·o:. ,1:.e ~:e'..lra.car.-:~s. 
z ! 
-- -- - -- -- -- -- -- -- -- -- --
. 
-- -- -- --
- ~ 
- -
1,23 
III 
-- -- -- - -- -- -- --
0.52 1.05 
-- -- -- -- - -
0.38 
-- - -V 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- - -- - --
o.68 
\'! 
-- -- -- -- -- -- --
0.54 
--
~ se~~e~sninose 
Z I 2.14 4,33 50.92 32,38 31.50 
-- -- -- --
0.52 0.82 26,21 1.61 11,39 
--
7,29 3,08 
!! 
--
0.62 17,92 30.29 4.72 1.22 
-- -- -- -- --
2,91 0.54 2,97 0.98 7,29 l,15 
II! 
-- --
0.81 3,13 l,57 
-- -- -- -- -- -- -- --
0.50 
--
14.57 0.38 
IV 
-- -
4.48 2.09 3,15 
- -- -- -- -- -- -
0.54 
-- --
2.43 
-V 
-- --
0.81 l,04 2.36 
- -- -- -- -- -- -
0.54 
-- --
5,67 0,38 
\'I 
- --
o.41 
-- -- --
0.74 
-- -- -- -- --
0.54 
- -
0.81. --
VII 
--
0.62 
-- --
0,79 
-- -- -- -- -- -- --
0.54 
-- -
0.81 
--
Cal:~a~~ sp. B 
Z I 
- -- -- -- -- --
0,74 
-- -- -- -- -- -- - -- -- --
l,45 
u~~ebi~ affi~is · z_r ___
- -- -- -- -
2.44 1.49 
--
--
-- -- -- -- -- -- - --
0.96 o.64 2.45 
•T 1.22 l.49 l.08 .._ 
-- -
l.23 .... 
- - -- -- -- -- -- - - -- -- - -III 
-- - - - -
1.22 
--
5.41 
- -- - -- -- - - - - - --
l.23 
IV 
- -- -- - -
-- --
. a.11 
-- -- - -- -- -- -- - - -- -
2,45 
""'erita talncida 
--z !I 
- - -- - -- - -- - -- -- - -- - -- -- - -
o.48 
IV 
- -- -- -- -- -- -- - -- - -- -- -- -- - -- -- -- --
l,23 
Pe~.1rus· 1cr::3ice.rpus 
Z I 
- --· -- --
2.36 2.44 0.74 .0.54 
-- -- -- -- -- -- -
4.05 0.38 4.34 
--
l,23 
II 
- -- -- --
0.79 l,22 3,72 
--
0,52 
-- -- -- - -- --
1.62 
-- -- -- --III 
- -- -- -- -- -- -- --
0.52 
-- -- -- -- --
1.62 
--
0.96 
-- -
l,35 
IV - · 0,38 o.64 l,23 
- -- -- -- - -- -- --
0,52 
-- -- --. -- -- -- - --
f_. t:.cll!caris 
Z I 
- -- -- -- -- -- -- -- -- -- -- -- -- - - - -- -
-
o.68 
E-~cera::t:s nraelonl>'.'~s . 
- -- - - -
3.61> 1.49 6.49 1.04 
-- -- - -- -- - --
7,69 8.19 10.29 11.04. o.68 
Z I 
- -- -- -- - -- . --
3,24 0.52 
- -- -- - -- -- - -
-
5,14 
II 
Pol)·ony~ fibbesi 
-- -- -- - --
l,22. -- 0.54 
-- - -- -- --
- - -- -- -
-- -- . --Z I 
- -- - -
-- . -- -- ·-- - - -- -- -- - -- - -
l,23 
--
.i::,. 
II - -- 00 
w 
Ur.ident. porcellanid 
- - -- -- -- -- -
0.54 .-Z II 
Cancer irroretus 
- - - -- - -- --
0,54 Z I 
~,;pp. 
- - - -- - - -- - --
-- -- -- -- - -- -- -
2.41 o.64 
-- --Z I 
R
eproduced with perm
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Scati<ln COO Bottom 1968 - 1969 (Cont/d) 
Jan, Feb. Mar. Apr. May Jul. Aug. Sept. Oct, Nov. Dec. Jan. Feb,, Mar. Apr. May . Jun, Jul. Aug, Sept. Oct • 
!:£! spp. 
Z I 
-- -- -- -- --
4.88 
- - -- -- -- -· -- -- - -
'1,54 
II 
- -- -- -- --
18.29 · o. 74 1.08 
-- -- -- -- - -- - - -
1.45 
III 
-- -- - -- --
29.27 1.49 4.86 
-- -- -- -- -- -- - - --
1.45 1.29 
IV 
- -- -- -- -
2.44 1.49 1.62 
-- -- -- -- - - - -- --
0,48 1.93 6.13 
V 
- -- - -- -- -- --
2.16 
-- -- --
-- . 
-- -- - -- -- --
0.64 11.04 
Dissodaccylus mellitae 
Z IV 
-- -- -- -- - --
: 0.74 
. Pinni.~a chaetoPterana 
Z I 
-- -- -- --
60.98 o. 74 0.54 
-- -- -- -- -- -- - - -
2.41 3.22 3.68 
II 
-- -- -- -- --
32.93 
-- 1.08 -- -- - - -- -- - - - 6.75 2.57 2.45 III 
-- -- - -- --
2.44 
--
1.08 
-- -- -- -- -- -- - -- --
2.89 5.79 1.23 
IV 
-- -- -- -- -
1.22 0.74 1.08 
-- -- -- - - -- - - -
0.48 2.57 1.23 
V 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- - - -- -
0.64 --. 2.03 
!· cvlindrica 
Z I 
-- -- - --
-= 
-- -- -- -- -- -- -- -- -- - - - -- -
3.68 
V 
-- -- -- -- -- -- -- -- -- -- -- - -- - -- - - -- - -
0.68 
.!'..:_ sayana 
Z I 
-- -- -- -- --
4.8S. -- -- -- - -- -- - - - -- ·- - 3.86 II 
-- - -- -- - -- --
0.54 
-- -- -- --· -- -- -- -- -- --
1.93 . --
III 
-- -- -- -- --
1.22 
-- -- -- -- -- -- -- -- -- - --
1.29 3.68 
IV 
-- -- - - --
1.22 
--
0.54 
-- - -- -- - -- - -- - --
0.64 1.23 
V 
- -- -- - - -- -- --
0.52 
-- - -- -- - - -- -- -- - --
1,35 
Unident, Pinnixa Z -IV ___ 
-- - - -- -- - -- - -- --
-. 
-- -- - - - - -
0.64 
--
Pinnothe~es maculatus 
Z I 
-- -- -- -- -
1.22 0.74 . 0.54 
Ill 
- -- -- - --
0.74 
-- -- - -- - -- -- - -- - -- --
1.23 
V 
-- -- -- - - -
0.74 0.54 
P. ost::euo 
- --Z-II 
-- - -- --· -
1.22 
-- -- -- -- - - -- -- -- - -- -- -
1.23 
. Ill 
-- -- -- ·-- --
1.22 
-- -- -- -- -- -- -- -- -- - -- -- -
1.23 
IV 
-- -- -- -- -- -- -- .- 0.52 
Callinectes sapidus 
Z I 
-- -- -- -- --
9.76 1.49 2.70 
-- -- -- --· -- -- -- --
0,38 
M 
- -- -·- -- -- -- -
0.54 
Oval!£!:.:!. ocellatus 
Z I 
-- -- - -- -
-- --
1.08 
II 
-
..... 
-- - - - --
6.49 
Hexapanopeus angustifrons 
Z I 
-- -- -- -- --
52.44 17.10 12.43 
-- -- -- -- - -- - -
1.15 2.89 0,64 2.45 
II 
-- -- -- -- -
8.54 9.67 22. 70 
-- -- -- - -- - -- - -
1.93 0.64 3.68 0.68 
III 
- -- -- -- -- --
0.74 28.65 
-- -- -- -- - - - - -
2.41 
-- - --IV 
--· -- -- -- -- --
0,74 7.03 
-- -- -- -- -- - - - -
0.48 0.64 
- --
~ 
00 
l1eopanope ~ !!I!.. ~ 
Z I 
-- -- - -- --
20.73 8.18 2.70 
-- -- -- --· -- -- - -
6,15 5.30 0.64 11.04 
II 
- - -- -- --
2.44 4.46 6.49 
-- - --
~-
-- - -- -
3.08 
- --
2,45 0.68 
III 
-- -- - - -- --
--
4.32 
--
. -- -- -- -- -- - - --
0.48 
--
2.45 0.68 
IV 
-- -- --
4.86 
-- -- -- -· -- -- - -- -- - - -
0.68 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station COO Bottom 1966 - 1969 (Cont/d) 
Jan, Feb, Mar. Apr, May Jul. Aug. Sept, Oct. 
Panooeus herbst11 . 
z l 
-- -- -- - -
2,44 
-- -- --II 
-- -- -- -- --
1.22 2,23 
-- --IV 
- - -- - -- -- --
0.54 
Rhithrooanooeus harris11 
Z I 
-- -- -- -- -- - --
0.54 
--
Uuident. xanthid 
Z I 
-- - -- -- -
1.22 
II 
- - - -- - -- -
1,62 
-III 
- - -- - -- - --
0,54 
-
Brachyuran 
M 
- - - - -- - -
5.41 
-
Nov. Dec., Jan, Feb. Mar, 
- -- - -- --
-- -- -- -- -
-- -- -
-- -- - - --
-- - - - -
-- - -· - -
Apr, May Jun, 
- - -
- -
0.38 
- -
-- - -
- - -
Jul. Aug, 
0,48 
1.45 
- -
- -
Sept. 
1.23 
2.45 
Oct, 
1.35 
.i::-
00 
V1 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station ClO Surface 1968 - 1969 
Mar. Apr. May Jun, Jul, Aug. Sept, Oct, Nov, Dec, Jan, Mat·, Apr, May Jun, Jul, Aug, Sept. Oct, Dec. 
Lucifer faxoni 
---Z-11--
- -- -- -- - -- -- -- -- -- -- -- -- -- - -- -
0,46 
PL 
- -- - -- -
~-
--
0.52 
Palaeco~ spp. 
z l 
- - -
0.88 
-- -- - - - - - - - -- - -
2.13 
II 
- -- -
0,29 
-
0.63 
- - -- - - - - - - -
1,42 
VII 
- - -- - -
~ 
--
0.26 
- - --· - - - - -
Alpheus normnni 
Z 11 
- - - -- - -- -- - -
-~ 
- - -- - - -
0.71 
Ill 
- -- -- - -
.0.63 
- - - - - - - - - - -
0.46 
IV 
- - - - - - - - - - -- - - - -- - -
0,46 
Hipoolvte pleuracantha 
z l 
- - - - - - - -- - - - -- - - - -
1.42 1.39 
II 
- - -- -- -- -- -
- -- -- - - - -- -
0,62 
-
0.93 
III 
-- - -- - - - - - - - -- - -- - - - -
0.46 
VI 
- -- - - - - -
0,26 
Crangon septe:spinosa 
--z 0.60 l,16 143.36 
- -- - - --
0.21 0,31 0.37 3.48 0.93 20.05 2.10 
-- - - -
0.22 
II 
-
0,33 56.32 
- - - - --
0.43 
- --
2,33 0.23 7.32 2.62 
III 0.20 
-
6.40 
- - - - - -
.,... 0,19 
-- --
l.63 
-IV 
-
0,17 1.28 
- -- - - - -- - --
0.18 · 0,,46 0,27 1.57 
V 
- --
1.28 
- -- -- -- - - -- -- - --
0.54 l,05 
VI 
- - -- - -- - - -- --
0.31 
--
0.18 
-
0.27 
VII 
- - - -- --
-- . 
-- -- - -- --
0.16 
-
1.36 
Ut:ident. carid 
z l 
- -- -- -- - - -- -- -- - - -- -- - -
0.62 
--
Upogebia affinis 
Z I 
- - --
0,59 5.31 12.06 
-- - -- - -- - - -- -- -
17.79 8.82 
II 
- -- - --
2,65 l,27 
- - - - - - - -- -
0,62 17,08 6,50 
III 
-- - -- - -- -- -- -- - -- -- - - - --
--
4.98 l.86 
Pagurus_ londcarpus 
Z I 
-- --
1.28 
- - -- -- -- -- - -- -- -
0.27 
11 
- -- - -- -- --
-- -- - - -- - -
- -
0.62 
fucera~us praelongus 
Z I 
- -- -- - -- -- -- --
-- -- -- -- - -
l,05 
-
2.13 1.39 0.31 
II 
-- - -- --
-- --
0.41 0.26 
-- -- - - - -
0.52 
-
0.93 
Polyon~ gibbesi 
Z II 
-- -- - -- -- -- - --
-- -- -- - - - -
..:.. 0.71 
Cancer irroratus 
Z I 
- -- --
_, 
-- ·- -
0.26 III 
- -- -- - -- - -
0.26 
Uca spp. 
Z I 
-- -- -- -- --
1.27 
-- -- -- -- -- -- - -- - -
1,42 
- - -
.i::-, 
II 
--
6.98 
-- -- -- -- -- -- -- - --
-
9.96 0.46 
-- --
co 
-- -- -- -- a, llI 
-- -- --
4.44 
- -- -- --
-- . 
--
-- -- - -
7.12 
--
-- --
-- --IV 
-- -- -- -- --
0.63 
-- -- -- -- - -- - - --
--
1.42 0.46 
V 
-- -- -- -
0.71 0.93 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station ClO Surface 1968 - 1969 (Cont/d) 
Mar, Apr, May Jun, Jul, Aug, Sept. Oct, Nov, Dec, Jan, Mar,. Apr, May Jun, Jul, Aug, Sept, Oct, Dec, 
~ chaet:oEt'>rana 
Z I 
- - -- -- - -- -- -- -- -- - -- - - -
0,7l 
II - -- - -- - -- -- - -- - -- - - -- - - 2,85 2,78 
III 
- -- - - - -- - -- -- - - -- - - --
0,62 8,54 2,32 
IV 
- - -- -- -- - - -- -- - -- -- - - - -
2.85 0.46 0.31 
!• ~ 0.63 Z I 
- -- -- -- -- -- -- - -- -- - -- -- - -
0.71 
II 
-· - - -
0.88 .. -
- -- -- -- - -- -- - - --
0,71 0.46 
III 
- -- - -- -- - - -- -- - -- - - -- - -
0.71 0,46 
IV 
- - --
0.29 
- --
0,81 
- -- -- -- -- - - -
0.62 
V 
- -- - - -- -
0,81 
Pinnotheres maculatus 
z l 
- - -- -
0.88 
- --
-- . - -- - - -- -- - -
2,13 0,46 
II 
-- - - - -
0.63 
- - - - - - - - - - -
0.46 
IV 
- - - - --
1.27 
-- --
':'"" 
-- - - - - - -
1,42 
-
V 
- -- - - -
0.63 
--
. -- - - - - - - - - - --
0.31 
P. ostreum 
---yy:z: 
- - -- - -
0.63 
-· - -- - - - - - - - - -
0.31 
-
Callinectes sapidus 
z l 
- - --
0,59 
--
0.63 0.81 
- -- - - - - -
1.05 
Hexapanopeus angustifrons 
z l 
- - - -
6.19. 2.54 0,41 
- -- -- -- - - -
13.12 
-
11,39 0.46 
11 
- - - - --
0.63 0.41 
-- - - - - - -
0.52 0.62 3.56 
-Ill 
- - -- -- - - --
0.26 
- -- -- - - - - -
2.85 0,46 
Neopanooe ~ sayi 
z l 
- - -
1,76. 37,17 30,48 
- - - - - - - -
26.25 1,24 39.86 2.78 
II 
- - - -
2.65 · 9.52 
- - - - - - -
13.65 
-
22.78 2.32 
III 
- - - -
0,88 1,90 
- - - - -- --
. --
- - -
7,12 3.25 
IV 
- - -
0,29 
-
0.63 
-
0.26 
- - - - - -
1.05 
- -
0,93 0,31 
Panopeus herbstii 
Z I 
- - - --
1,77 o·.63 
- - - - -- -
-- - -
1,24 2,85 
II 
- - -- --
0.88 
-- - -- - - --
- - -- - -
2.85 
III 
- - -- - -- -- -- - - -- -
- -- - -
5,69 
IV 
. 
- -- - - -
-
0.71 
- - - - - ·- -- - -- --
Rhithropanopeus harrisii 
Z I 
- - -- - -
0.63 
-
llnident. xauthid 
ZIV 
- - - - - -
0.26 
-
llrachyuran 
I! 
- - - - - -
1.22 
-
~ 
00 
..... 
R
eproduced with perm
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Station ClO Bottom 1968 - 1959 
Jan. Feb. Mar. Apr. May Jun. Jul.i~ Aug. Sept. Oct. Jan. Mar: Apr. May Jun .. J~l. Aug, Sept. Oct. 
Lucifer foxoni 
---P-!.--
- - - - - - - - -- -- - -
..,. 
- - - -
1,61 0.99 
Palaeeo~ spp. 
Z I 
- - -- - - -
0.50 
-- - - -- - - - -
0.53 
II 
-- -- -- - -- -- -- - - -- - - - - - -
0.76 
Alpheus sp. ("heterochaelis"1) 
z lI 
-- - - - -- -
0.50 
-
Hippolvte pleuracantha 
Z I 
- -- -- - -- - - -- - -- --
.. 
- - - - -
- 1,52 
II 
-- - - - -- -- - -- - -- - - - - -
0.53 
--
. -- 0.99 
III 
-- -- - - -- -- -- -- --
0.77 
-- -- -- -- -- -- - -
0.99 
IV 
-- -- -- -- -- -- -- -- - -- -- -- -- -- - - --
0.99 
V 
- - -- -- -- -- -- - -- -- -- - - -- -- -- -
3.23 
VI 
- -- -- -- - - - -- --
-- - - -- - -- -
1,61 
VII 
- - - - -- - - -
0.55 
Crangon septeespinosa 
Z I 
-
0.47 1.25 22.67 8.90' - 1.50 
- -- --
0.58 4.39 4.76 15.17 0.36 
II 0.63 0.47 0.83 13.78 3.75 
--
1.50 
-- - --
1.75 4.39 3.97 12,41 0.73 
III 
-- --
0.42 0.44 
- -- -- -- -- --
1.17 0.63 
--
6.90 0.36 
IV 
-
0.93 0.42 4.44 
- -- - - -- -- --
1.25 
--
1.38 
V 
- - --
0.89 
- -- - -- -- - --
1.25 
-
1.38 
VI 
- -- --
0.44 
- - --
-- -- - --
1.25 
- -VII 
- - --
0,44 
- -- -- - -- -- -- - -
2,07. -
Upogebia affinis 
Z I 
-- - - - -
1.66 9.00 6.64 
-- --
-- . -- -- - --
0.53 6.82 1.61 
II 
- -- -- - -
0.42 0.50 2.21 1,66 
-- -- - - -- -- -
3.79 1.61 
III 
- -- - - -- -- -- --
1.10 
-- - -- - - -
0,53 0,76 1.61 
IV 
-- -- -- - -- -- - --
2. 76 
Pagurus lon5icarpus 
Z I 
- - -- --
0.47 
-
1.00 0.74 
-- - -- - -- -- --
.. 
-
1,52 4,84 
II 
- - -- -
0,47 · -:-
--
0.74 0,55 
-- - -- -- -- - -
-- -
III 
- -- - -- -- -- - -- -- - --
-- --
- - - - -
0.99 
IV 
- -- -- - - -
-- -- -- -- - -- -- - - - - -
1.97 
Eucernmus praelongus . 
Z I 
-- - -- -- - --
;',{)i) 
--
.1..66 2.32 
-- -- -
0.7S 
--
2.27 3.23 
II 
- -- -- - -- -
: .• 00 
-
0.55 
-- - -- -- - -- -
0.76 8.06 
Pol~ gibbesi 
Z I 
- --
-- - - -
0.74 7.73 
-- -- -- - - - -
0.76 
M 
-- -- -- -- - - - - - -- -- - - - - - - -
0.99 
~spp. 
Z I 
- -- -- -- -- -
0.50 2.21 
-- - -- -- -- -- -
0,53 
-
1.61 
II 
- - -- -- - ·-
4.00 6.64 1.10 
-- - -- -- -
..... 
-
3.79 
--III 
- - -- -- - -
1.00 3.69 2.76 
-- --· - - - - -
1,52 1.61 
IV 
-- -- -- -- -- - --
2.21 
-- -- -- -- -- - --
0.76 
-V 
-- -- -- -- -- -- -- 1.10 
-- - -- - -- - - -
3.23 
.i::-Pinnix~ chaetopterana OJ 
Z I 
- -- -- -- - - -- - - -- -- -- -- - -
1,05 0.76 
-- -
OJ 
II 
- -- - -- - - -- --
1.66 
--
-- . 
-- -- -- - -
1.52 24.19 
III 
- - - -- -- - - -
0.55 
-- -- -- -- - -- -
4.55 35.48 
IV 
- - - -- - -- - --
1.10. -
-- -- -- -- -
0.53 0.76 16.13 V 0.55 
R
eproduced with perm
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Station ClO Bottom 1968 - 1969 (Cont/d) 
Jan, Feb. Mar, Apr, May Jun, Jul. Aug. 
.!'..· sayana . 
Z II 
-- -- -- - - --
a.so 
-
III 
-- - -- -- - --
2.00 
--
IV 
- - - -- -- --
a.so 
-
V 
-- - - -- - -
a.so 
--
Pinnotheres maculatus 
Z I 
- -- - - - - -- --
II 
- -- -- - -- -
a.so 0.74 
III 
- -- -- - - -
a.so 
-
IV 
- -- - -- -- -- - --V 
-- - - -- - - -
1,48 
P. ostreuc 
---Z-I 
- - - - - -
0.50 
--
. 
Calline~ sapidus 
Z I 
- - - - - -
a.so 
--
Hexapan~ angustifrons 
Z I 
- - -
. -- - -
33,00 
-
II 
- - - - - -
4.00 
--
III 
- -- -- -
-- -
a.so 0.74 
IV 
- -- -- - - -
-- --
Seopanope ~ sayi 
Z I 
- - - - -
0.42 8.50 6.64 
II 
- - -- - - --
a.so 2.95 
IlI 
- - - - -- -
o.so 2.95 
IV 
- - -- --
-- . 
- -
-0.74 
Panopeus herbstii 
Z I 
- - -
-- - - -
3,69 
II 
- -
-- -- -- -- --
0,74 
IV 
- - -- - - - - --
Brachyuran 
M 
- -
--
- - - -- -
Sept, Oct. Jan, Mar, Apr, May 
- -- - - -- -o.ss 
-- -- -- -- -
o.ss 
- - -- - ·-0.55 
-- - -- -- -- -
-- -- - - -- -
-- - ·- - -- -
o.ss 
-- - - -
o.s:, 
- - -- - - -
-- - - - - -
34.25 
- - - - --38.12 
- - -- - -12.71 0.77 
- -- - -
- -- - - -- -
7.18 
- - - - -9.39 
- -- -- -
--
2.21 
- - - - -1.10 
- -- - - -
- -- - - - -
- -- - - - -
o.ss 
- -- - - -
2.76 
- - - - -
Jun, Jul, 
- -
-- -
-
0,53 
- -
- -
- -
- -
-
0,53 
1,09· 
2,54 1,58 
-
1.05 
--
1.58 
-
0,53 
1,45 2.11 
-
0,53 
-
0,53 
0,36 o.53 
-
0,53 
- -
- -
- -
Aug. 
·-
-
3,03 
-
-
-
0.76 
2.27 
0.76 
-
8.33 
2.27 
3,03 
-
3.03 
2.27 
-
-
Sept. Oct. 
11.29 -
9.68 
1.61 
1.61 
9.68 
3,23 
6,45 
1,61 
-
1,61 
4.84 
17.74 
20.97 7.88 
14.52 4.93 
1,61 6.90 
1,61 
1.61 
-
~ 
CX> 
\0 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station YOO Surface 1968 - !.969 
Feb, Mar. Apr. May Jun, Jul, Aug, Oct, Nov. Dec. Jan. Feb. Mar. Apr, May Jun. Jul, Aug. Sept, Oct, 
Palae=onetes spp, 
. 1.07 ·--Z I - -- -- -- 0.45 - -- -- -- - . - - - 1.38 
II 
-- - -- -- --
0.84 
--
VI 
-- -- -- - -- -
0.45 
O~yrides limicola 
Z I 
-- -- - - -- -- -- -- -- -- -- - - -- -
0.64 
- - --
Hiµµoly~ pleuracantha 
Z I 
-- -- -- -- -- -- --
2.03 
- -- -- - - --
8.24 1.66 1.28 6.87 3.82 
II 
- -- -- -- -- -- --
1.01 
-- - -- -- - - --
1.10 0,96 
-
1.47 
III 
- -- -- - -- -- --
0.68 
-- -- - -- - - -- ---
0.64 
-
0,29 
IV 
- -- - -- - - --
0.34 
-- -- - - -- - -
0.28 0.32 
V 
- -- - - -- -- --
0.68 
VI 
- - -- -- - -- --
0.34 
VII 
- -- -- -- -- --
0.68 
VIII 
. 
-- - - -- -- -- --
0,34 
Crangon septe~soinosa 
Z I 0.26 5.97 6,46 5.97 D.27 
-- -- --
0.44 0.59 0.28 
--· 1.25 6.21 23.54 11.03 
II 
- -
0.72 2.99 0.27 
-- -- -
0.44 
- --
1.43 0.18 1.98 8.09 2.21 
III 
- -- -- - - --
-- -- -- -- --
1.43 
- -
1.43 
IV 
- -- -- -- -- -- -- -- -- - - --
0.18 1.13 1.43 
V 
-- - --
0.60 
- - -- - - - -
-- -- --
0.95 
VI 
-- ·- -- -- -- - - -- - -- - --
0.18 
-
0.24 
VII 
- -- -- - - - - -- -- - - -- - --
6.18 
l!po~ebia ~ ""\ 
Z I 
- -
-- -
5.89 33.7o 3.56 
- -- - - - -- - -
1,66 3.53 9.15 3.82 
II 
- -- -- --
-~ 1.69 
- -- -- -
. -- - -- - -
0,28 
--
0.76 0.29 
III 
-- -- - -- --
0.84 
Pa~urus lon~icarnus 
Z 11 
-- - -- - -- -- - - -- - -- - - - --
0.28 
IV 
- -- -- - -- -- -- -- -- --
- -- - -- - --
-- - --
0.54 
Eucera=us praelongus 
0.28 z-I 
- - - -- - -
- - -- - - - - - -II 
- - - -- -- -- --
0.68 
Po:yon·,x gibbesi 
Z I 
- - -- -- - --
-- -- -- -- - - - - - -
0,64 
--
~spp. 
Z I 
-- - - -- - -
-- -- -- - -- - -- - - -
0,32 
--
~spp. 
z l 
- ·- -- -
5.06 5.79 
-- -- -- -- - - -- -
- -
3.05 0.29 
II 
- -
-- - -
18,57 26,28 
-- -- -- -- -- - -- -- --
0.96 11,45 
III 
- - -- - --
3.38 7.57 
-- -- -- -- -- -- - -- -
0.32 
--
IV 
- -- -- -- -- --
1.78 
-- -- - -- - - - - - - -
0,29 
~ chaeto2terana 
Z I 
- -- -- -- - --
-- -- -- -- - -- - - -
-
0.64 0.76 
- -
.i::-
\0 II 
- - - -- - - --
- -- -- - - - - - --
0.32 
- -- - 0 
III 
-· - -- -- - ·- -- -- -- -- -
- - - - -
0.64 
f• sayana 
Z I 
- - - -- - -
-- -- - --
-- - - - - - -
0.76 0,29 
II 
- - - - -- -- - - -- -- -
- - - -
0.28 
R
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Station YOO Surface 1968 - 1969 (Cont/d) 
Feb. Har. Apr. May Jun. Jul. Aug, Oct. 
P!n~otheres ::iaculacus 
z ! 
- - -- -- -
1.69 
-- -
III 
-- ·-- -- - - - -- -IV 
- - - -- - -
0.45 
--
V 
- - - - - --
0.45 
P, ostreut1 
-~ 
- - -- -- - -
0.89 
-
II 
- - - - -
. -- --
Callinectes sapidus 
Z I 
- - - -
0.27 3.38 
-- -
Eurypanopeus depressus 
Z I 
- - - - -- - - --
llexapanooeus aneustifrons 
Z I 
- - - -
0,27 4.22 0.89 
II 
- - -- - - - - -
Neopanope ~ sayi ! 
Z I 
- -- - --
3.75 19.41 7,13 
-
II 
- - - - -
0.84 0.45 
--
III 
- - - -- - --
0.45 0.34 
IV 
-- - - - - -
0.45 0.68 
Panopeus herbstii 
Z I 
- -- - -
1.07 .'1.69 7.13 
-
II 
- - - - -
0.84 0,89 
Unident xanthid 
ZIV 
- - -
-
- -
0.45 
Brachyuran 
M 
- - - - - -- - --
Nov. Dec. Jan. Feb. Mar. 
- -- - - -
- - - -
- - - -- -
- - - - -
- -- - - --
- - -
.. -
--
-- -- -- - -
. 
- - - --
- - -- -- -
-- -- - - -
- - -- - -
-- - - - --
- - - -- -
- -- - - --
-- - - - -
Apr. May Jwi. 
- - -
- - -
- - -
-. 
-- -
- - -
- -
o.2s-
- -
0,55 
- -
4.41 
- -
0.28 
- -
17,38 
- -
1.12 
- -
1,66 
- -
0.28 
- -
0.28 
- - -
Jul. Aug. 
1.92 1.53 
- -
-- --
0.32 0.76 
0.32 
0,32 
0.96 
1,92 1.53 
0,96 
1,92 5.34 
- -
Sept. 
0.29 
0.29 
3,53 
1.18 
-
Oct, 
0.27 
.i:,. 
\0 
..... 
R
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Sa.tc.t.::.on YOO Bottom 1968 - 1969 
Ms.r. Apr. l'.s.y Jun. Jul. Aug. Sept. Oct. Dec. Feb. Mar. Apr. Ms.y Jun. Jul. Aug. Sept. Oct. 
!.ucifer faxoni . 
---P-L--
- -- -- -- -- -- -- -- -- -- -- - -- -- - - -
0.96 
Pale.econ~ spp. 
6.12 ·0.51 Z I 
-- -- -- - -- -- -- -- -- -- -- -- -- --II 
- -- - -- -- --
.-- -- - -- -- -· -- - -- - --
o.48 
III 
-- -- - - --
1.17 ·--
-- -- -- -- -- - -- -- - -
o.48 
C~lii:::icole. 
Z I 
-- -- - -- -- -- -- -- -- -- -- -- --
2.04 
-- - -II 
- - -- --
0,97 0.39 
-- -- -- -- -- -- -- -- -- - --
o.48 
III 
- - -- --
0,73 1.17 
-- -- - -- -- -- -- -- - -- -
IV 
-- -- -- --
0.24 
-- -- -- -- -- -- - -- -- -- --
ll,ll 
V 
-- -- -- --
o.48 
-- -- -- - -- - -- -- - - - --VII 
-- - .-- - -- -- -- -- - -- -- -- -- - - - -
·c.48 
VIII 
-- - - --
.-
-- -- -- --
-
- -- -- - - - -
2.40 
Rippolyte oleure.ce.nthe. 
ZI 
- -- - -- -- --
4.08 
-- - - --
0.65 4.08 
II 
- -- -- - - -- -- -- -- - -- -- --
8.16 
III 
-- -- -- -- - -- -- -- -- -- -- -- -- --
0.67 
IV 
-- -- -- -- -- -- --
4.08 
-- - -- -- --
2.04 
V 
-- -- -- -- -- - --
4.08 
-- -- -- -- -
2.04 
VI 
-- - -- -- -- -- -- -- -- - - -- -
2.04 
VII 
-- -- -- -- -- - -- -- -- -- -- -- - - -- -- -
o.48 
Crs.np:on se:ete1:1soinose. 
Z I 2.93 39.34 11.97 l.37 
-- - - --
0.62 6.36 l.93 10.14 22.80 63.27 
II o.49 ll.24 3.49 
-- - --
... _ 
-- --
1.27 0.96 9.22 3.26 6.12 
III 
-- --
l.50 
-- - -- - - --
1.82 
--
2.16. 
--
2.04 
IV 
-
1.81 1.00 
- -- -- - --
0.91 o.48 8.29 
-- --V 
--
2.81 
-- -- -- -- -- -- - -- -· -
0.65 2.04 
VI 
-- -- - -- -- -- - -- --
1.82 o.48 0.92 0.65 
VII 
- -
0,50 
- - -- ·- -- -
0.91 
-
1.84 1,95 
U-;:oirebie..~ 
0.24 o.48 Z I 
- - - -- - - -- - - - - - - -
1.03 33.33 
II 
- -- -- -- -- -- -- - -- -- --
-- . 
-- -- - -
11.ll o.48 
III 
- - -- - -- -- -- - -- -- -- - -- - -- - --
1.44 
~ lc:idcs.rpus 
Z I 
- - - -- -- - -- -- -- -- -- --
0.65 2.04 
II 
-- -- -- -- - -- - -- - -- - --
1.95 
--
0.67 
- --
0.96 
III 
- -- - -- -- -- - - -- - - -- --
2.04 
- -- -
Eucerru::us :era.elonp;us 
Z I 
- -- - -- - - -
8.16 
- - -- - -
2~04 
II 
- -- - - -
0.39 . ...:. 
- - -- - - --
2.04 
Polvon:vx llibbesi 
Z I 
- - - - --
0.39 
~ 
~spp, \0 ('.J 
Z I 
- -- - -- - -- -- -- - - - - -- ·-
0.67 
-
ll,ll 
--
!!£!. spp. 
Z I 
- - - - -- -- -- - - - ·- - -
2.04 
II 
- -- -- -
0,73 0,78 
- -- -- - - - - -III 
- -- - --
0.24 
--
. 1.06 
-- - -- -- - -- - -- -
u.u 
V 
- - -
~ 
-
0.39 
R
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Station YOO Bottom 1968 - 1969 (Cont/d) 
~'.a.r. Apr. May Jun. Jul. Aug. Sept. Oct, 
~ cr.s.etonte:-e.ne. 
Z I 
-- -- -- -- - -- -- --
II 
-- -- -- -- -- -- ·-- --
f• savar.e. 
Z I 
-- -- -- --
0.24 
--
1.06 
··-!I 
- -- -- - -- -- - --
III 
-- -- - -- --
0,39 
-- --
Pinnotheres maculatus 
Z! 
-- -- -- --
o.48 5.08 1.06 
--
II 
-- - - -- -
0,39 . .:._ 
III 
-- -- -- -- --
1.56 
IV 
-- -- -- - --
3,13 
-- --
V 
-- -- -- -- --
l,95 
-- --
? .. ostre\!!?l 
- --Z-I 
-- - --
--
0,73 3,13 
-- --II 
-- -- -- -
0,73 
-- -- --
Ca!linectes sanidus 
Z I 
- - ··-
4.11 o.48 
He~a~ano~ ens:~stifrons 
Z I 
-- -- - --
0,24 
-- -- --
!II 
-- -- -- -- -- -- --
4.08 
IV 
-- - -- - --
0.78 
Neo~~no~e texana sayi 
Z I 
-- -- --
2.74 0.24 
-- -- -II 
- -- -- -- --
0.39 
-- --
III 
-- - -- -- --
2.73 
--
4.oa 
IV 
-- -- -- -- -
1.56 
-- --
Pano~eus. herbstii 
Z I 
-- - --
2.74 0.24 
-- - --II 
- -- -- -- --
0.39 
IV 
-- -- - - -
0,39 
B.rachyuren 
M 
-- -- - -- -
0,39 
--- --
Dec, Feb, ?J.ar. Apr. . 11.ay Jun. 
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- - -
-- -- -- -- - --
-- -- - - -- --
-- -- -- -- -- --
-- -- -- - -
-- -- - -- - -
- - -- - - --
-- -- -- - -- --
-- - -- -- --
. 6.12 
-- -- - -- --
85,71 
-- -- -- -- --
22.45 
-- -- -- - --
6.12 
-- -- -- -- --
4.08 
-- -- -- -- --
4.08 
-- - - -- -- --
Jul. Aug •. 
--
2.06 
1.33 0.51 
1.33 0.51 
- -
-- ·-
0.67 0,51 
-- -
- -
0.67 --
- -0.67 
--
-- -
-- -
Sept, 
ll,ll 
11,ll 
33,33 
-
ll.ll. 
44.44 
-
ll.ll 
-
Oct, 
o.48 
o.48 
2.40 
o.48 
~ 
\0 
w 
R
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Station YlO SUri'aee 1968 - 1969 
May Jun. Jul. AUg. Sept. Oct. Nov. Apr. 1-'.ay June. Jul. Aug. Sept: 
!.ur::!.f'!r fe.xoni 
---i:'-.L---
-- -- -- -- -- --
0.34 
Palee-or.etes spp. 
Z I 
- - --
0.52 0.31 
-- -- -- -- --
0.53 
II 
- -- -
0.52 
0.,yric.es lbicola 
ZI 
-
1 • .09 
--
0.52 3.44 
- .- -- -- -- 0.53 -- 0.63 II 
-
0.36 
-- - -- --
.. _ 
-- -- -- -- - --III 
-- - -- -- - -- -- -- -- -- -- --
0,32 
r; 
-- -- - -- -- -- -- -- -- -- -
- .. 0,32 
V 
--
0,36 
Hinuclvte nleuracantha 
Z I 
-- - -- -
0.31 l,46. --
~ sen~e~s~inosa 
Z I 
- - -- - -- -- -
0.96 o.46 
-- - -
-.-
II 0.20 
-- - -- -- - -
0.24 
U~2ebia affinis 
Z I 
-
0.73 7.17 l.04 l,56 
-- - - -
0,85 2.63 3,51 
I! 
- - -
0,52 
-- - - - -- -- -- -
0.32 
~ londcarpus 
Z I 
- -- -- -- --
q.73 
El.leer~ nreelon5US 
Z II 
-- - - - -
0,73 
-- - -- -- -- --
0.32 
PclE.::E gibbesi 
2.86 Z I 
- -- -- -- - - - - - -- - --II 
- -- --
0.52 
- -- -- - -- - - --
1.27 
M 
-
_.., 
- -- - -- - -- -- -- - --
0.32 
Sese.r?ta reticulatUJ:1 
--z I 
-
0.73 
. III 
-- - --
9.52 
~spp. 
Z II 
- -- - -- - - -- - - - -- ---
0,32 
~spp. 
l,45 ll,47 Z I 
--
13,02 3,13 
-- -- -- --
o.43 
-
13,71 4.44 
II 
-- -
40.86 3,13 0,31 
-- - -- - -
l,05 0.10 2.86 
III 
-- -· 
4.66 1.56 
- -- - - -- - - --
0,32 
r; 
-- . -
l.04 
Pir.r.otheres caculatus 
zT 
- -- - - -- - -- -- - -- - --
0.63 
V 
-- - -- -
0.31 
P. ostreu::i 
.i:,. . 
- --Z-I l,45 0.72 0.52 
- -- -- -- -- - -- --
0.35 
--
\0 
.i:,. 
Callinectes sanidus 
Z I 
--
0,73 
-- -- - -- -- -- -- -- -- -
0,32 
Hexa~an~an5Usti:f'rons 
z r{ 
- - -- -- -
0.73 
-
R
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Station no SUr!e.c:e 1968 - 1969 
May Jun. Jul. Aug. Sept. 
Neolleno'De teY.ena. sa.yi 
Z I 
- -
2.15 2.08 o.63 
Pan~'Deus herbstii 
Z I 
-
0.36 2.5J. 1.oli o.91i 
Rhith:-ona.no'Deus ha.rrisii 
Z I 0.60 
- -
0,52 
r:v 
-- - - -- -
Ere.c:hyure.n 
M 
-- -- - - --
Oc:t. Nov. Apr. J.'.ay 
-- ·- - -
- - -- --
0,73 
~ .. 
-- - -- --
Jun. Jul. 
- -
o.43 
-
-- --
Aug. 
-
1.05 
-
.. 
Sept. 
0.95. 
0,95 
-i:,-
\0 
1.11 
R
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Ste.t ion '!10 Botto:n 1968 - 1969 
Apr. ~:Sy Jun. Jul. Aug, Sept. Oc:t. Me.r, Apr. Jun. Jul. Aug; Sept, Oc:t, Nov. 
Falne=cr.etes spp. 
Z I 
-- -- -- -- -- -- -- - --
2,74 
II 
-- -- -- --
0.53 l.18 
-- - --
l,37 
--
1.86 
-- --
III 
-- -- -- -- -- -- -- -- --
2.74 
VI 
-- -- -- -- -- -- -- -- --
l.37 
Ogvrides lidcola 
Z I 
-- -- --
2.86 0.53 1.18 
-- -- --
4.n 1.94 
-- -- -- -II 
-- -- -- --
2.14 1.18 
-- -- -- --
0.62 
III 
--
o.'55 
-- --
l.07 
-- - --
l.94 0.62 5.22 0,94 
-- --
IV 
-- -- -- --
l.60 
-- -- -- --
1.37 3.88 
--
5.22 o.47 
V 
-- -- -- --
2.14 
-- -- -- -- -- -- --
1.74 o.47 
VI 
-- -- -- -- - -- -- -- -- -- -- --
1.74 
VII 
-- -- -- --
1.07 
-- -- -- -- -- -- -- --
VIII 
-- -- -- -- --
l.18 1.18 
-- -- -- -- -
6.96 
Hippolvte nleure.cantha 
Z I 
-- --
3.82 
-- -- -- -- -- -- --
II 
-- --
0.95 
-- -- --
1.18 
-- -- -- --
Cra~~on sentemsninosa Z I 
-- -- -- -- -- -- --
0:60 3,85 
II 0.20 1.10 
-- -- -- -- -- -
0,11 
III 
-- -- -- -- -- -- ·-- --
0.77 
IV 0.20 
-- -- -- -- -- - --
l,54 
V 
-- -- -- -- -- --
--. 
--
1.54 
VII 0.20 
Uno~ebie. affinis 
Z I 
-- --
4.32 16.19 5,88 
-- -- -- --
13,70 46.90 2.48. 
-
0,47 
II 
- --
l.91 1.90 l,07 
- -- - -- --
1.94 
-- -IV 
-- --
0.95 
-- - - -- -- -- -- - -
1,74 
Polyoni:!. gibbesi 
l,74 Z I 
--
-. 
- - -- -- - - -- - - -
Seser-.-a. cinerew:i 
Z I 
-- --
0.95 
-- -- -- -. 
.§_. reticule.tum 
Z I 
-- -
5,73 
II 
-- -
1,91 
-
0,53 
III 
--
~ 
-- --
3.21 
-- -- -- -- -- --
- . 
~spp. 
Z I 
- -
3,82 6.67 28.311 
-- -- -- --
1.37 19,42 0.62 6.96 
II 
-- -- --
7,62 3.74 1.18 
-- -- -- --
27.18 0.62 
III 
-- --
1.90 2.67 
-- -- -- -- --
3.88 
IV 
-- --· -- --
2.14 
-- -- -- -- --V 
-- - - -- -- - - -- - -- -- -
1.74 
~savana 
Z II 
- - -- - - -- -- -- -- -- -- --
1.74 
V 
-- - - -- --
·1.16 
-- - -- -- -- - - .p. 
Pinnotheres ~aculatus '° 0\ 
Z I 
- --
1,91 
-- - -- - - - --
3.88 0.62 
--III 
-- -- -- - -- -- - --
--
-- -- -
3,48 
P. ostreum 
- ----i-Y 
- -
7.64 
-
1,07 
- -- -- --
l,37 1.94 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Station no Bottom 1968 - 1969 (Cont/d) 
Apr, 1".ay Jun, Jul, Aug, 
Callinectes sanidus rr----
-- --
10,50 
- -
M 
-- -- -- -- -
E>.irr:ano't'eus de't'ressus 
Z I 
-- --
0,95 
-- --
P.exa't'nno~e~s angustifrons 
Z I 
-- --
0,95 l.90 
--
III 
- -- -- - --rv 
-- -- -- -- --
Neo't'anone texer.e sayi 
Z I 
-- - --
2,86 1.60 
II 
-- -- -- - --
IV 
- -- -- --
0,53 
-
Per.~t:e•~s herbstii 
Z I 
- -
2.86 3.81 1.07 
Rhithronar.oneus harrisii 
Z I 
--
2,75 
Brae hyl.:ran 
M 
- -- - --
2,14 
Sept, Oct. Mar, Apr, Jun, 
- - - --
-- - -- -- --
-
l,18 
3,53 
l,18 
-- - -- - --2,35 
2.35 
-- - - --
8,22 
2,35 
- - -- -
Jul, At.g, 
1.94 
-- -·· 
1.94 
9,71 
--
- --
Sept, Oct, 
- -
6.96 
-
Nov, 
0,89 
~ 
\C 
....... 
R
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Station Yl5 Surface 1966 - 1969 
l~y Jun. Jul. Aug. Sept. Oct. Mar. Apr. Jun. Jul. Aug. Sept. Nov, 
Palae=cnetes spp. 
Z I 
- - --
0.61 
II 
·-- - - - -- -- ·-- --
0.80 
IV 
- --
0.38 
O~linicola 
Z I 
--
o.45 
--
0.61 0.56 
-- -- -- -
3.73 o.44 
II 
- -- -
1,82 
-- -- -- -- --
1.60 
IV 
-- -- -- - - -- -- ---
o.4o 1.07 
VII 
-- -- - - - -- -- -- -- --
o.41 
\'III 
-- - - -- -
0.30 
Crangon sentei::s-oinosa 
Z I 
-- - -- -- -- -
0.70 0.18 
-- -- --
0.29 
IV 
-- -- - -- - -- --
0.92 
VI 
-- -- - -- - --
0.23 
--
V!I 
- - - - - - -
0.37 
Unovebia a1'1'inis 
Z I 
- -
0.75 
-- - -- - - -
7.47 .-
Eucere....":t!s vraelongus 
Z II 
-- - - -- -
0.30 
Sesar::a reticulatum 
---z I 
- - --
l.82 
~spp. 
Z I 
--
9.07 3.38 66.67 
- - - -- -
86.40 14.41 13.~ l 
II 
-- --
4.50 1.82 
-- -- -- -- --
6.40 o.44 5.36 
III 
- -
l.13 0.61 
-- -- - -- --
0,53 
--
0.82 
IV 
- -- - -- -- -- -- - -
0.53 
Pir.r.otheres =aculatus 
Z V 
-- - -- -- - - -- - -- -
o.44 
P. ostreu:i 
- --Z-I 
--
o.45 0.38 
- - -- - -- --
3.73 o.44 
P.exa~ 0 r.oueus anJZUstifrons 
Z II 
- -- --
0.61 
!leous..-:oce texana sa.yi 
Z I 
- --
0.38 
-- --
0.30 
- -- --
l.07 
IV 
-- - --
0.61 
Pano~eus herbstii 
Z I 
-
~.45 
--
6.06 
-- -- - --
10.13 l.31 
--
Rhi throcanoneus ha.rri"sii 
Z I 0.37 0.45 
Unident. xanthid 
Z I 
- - -- - -- -- - -- --
0.53 
-- - --
.I:'-
\0 
Brachyuran 00 
M 
-- -- -
1.21 
-- -- -- - - -- -
o.41 
R
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Sta.t!on Yl5 Bottom 1968 - 1969 
Jun. Jul. Aug. Oct. Ma.r. Apr. May Jun. Jul. Aug. Sept. 
Palee=o~ spp. 
z:. 1.30 
II 1.30 
-- -- -- -- -- --
1.35 
III o.43 1.65 
-- -- -- -- --
0.67 
rv 
- -
0.74 
-- - -- --
0.67 
Os,Tides licicola. 
Z I 8.21 0.82 
- -- -- -- - --
10.71 
-
4,17 
II 4,75 0,82 
-- - -- ··- . --
4.16 
III 2.16 0.82 
-- -- - -- --
--
7.14 
IV o.43 0,82 
--
1.17 
-- -- -- -
5,95 
--
4,17 
V o.43 0.82 
- -- -- - -- -
1,19 
--
8,33 .. 
VI 
-- --
0.74 
-- -- -- -- -- - --
8,33 
VII 
-- -- - -- -- - -- -
1.19 
-- --VIII 
-- -- --
2,34 
- -- - -- -- --
12.50 
Hinnolyte Pleura.ca.ntha. 
' Z VI 
-- - - - - -- -- -- -
4.17 
Cra.n5on sentecsninosa 
Z I o.43 
- -- --
1.00 
II 
-- - -- -- --
2.27 
rv 
-- -- - - --
2.84 
VII 
-- -- -- -
1.00 0.57 -
PL 
- - -- - - --
0,57 
U"Q9gebia ~ 
9.88 0.74 0.67 16.67 Z I 3,02 
- -- -
:- 5,53 
II 
-
1.65 
- -- - - - -
1.19 
Pa.a:-.!..'"1.ls lon~ica.r,JUS 
---z II 
- - --
1.17 
--
Polyonyx g~bbesi 
20.83 Z I 
--
-... - - - - -- -- - -
M 
- -- - - -- --
-.-
- -- -
4,17 
Sese~ cir.ere\ttl 
---zrv-
-- --
0,74 
§., retic\!la.tUl!I 
Z I 1,30 
-
0.74 
-- - --
.-- -
4.76 0.92 
II 0,43 0.74 
III 
- --
2,94 
- -- -- - - --
0,92 
~spp. 
5,88 65.48 8.33 Z I 1,30 13,99 
- -- - -- -
22.12 
II 
-
32,92 
- -- - - -- --
23.81 1.84 4.17 
III 
--
2:47 
- - - -
.--
-
2.38 
IV 
- - - - -- -- - -
2.38 
Pinnotheres ostreum zr--- 1,30 
-- - - -- - -- -
1.19 0,92 
--
. 
.p. Hexapa.no~cus an~sti!rons \0 Z I 
- - - - - - - --
2.38 
-- -
\0 
?:eo~nc.E!. ~ say:!. 
7.1~ Z I 
-
3,29 
-
_,. 
- - - -· 
Pa.nopeus herbstii 
Z I o.43 1.65 -
- - - -- -
1.19 2.76 
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Station Y:!.5 Eottc1:1 1968 - 1969 
Jun. Jul. Aug. 
Rbith!'ona.~oneus t.a.'T1s11 
Z I o.86 
-- --
"I)/ 
-- --
0.74 
Brac:byuran 
Z I 
-
0.82 
M 
- -
2.94 
(Cont/d) 
Oct. f.'.ar. Apr. May 
1.17 -- -- --
-- -- - -
Jun, Jul. 
. 
- --
Aug, 
.--
Sept. 
8,33 
1.11 
0 
0 
R
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Station '!20 Surface 1968 - 1969 
May Jun, Jul, Aug, 
Palaemonetes spp, 
Z I 
-
O.Sl 
II 
--
O.Sl 
IV 
- -- - -
O~vrides 11.micola 
Z I 
-
2,04 
- -
II 0,69 
- - --
III 
-- -- - -
IV 
- -- -- -
Crangon se2tems21nosa 
Z II 
- -- - -
Sesar.:ia reticulatum 
--Z-I 
- - -
1,31 
!!£!. spp. 
Z I 
-
1,53 107,37 142.48 
II 
- -
2.36 J,92 
Hexapanopeus angustifrons 
Z I 
- - -
2,61 
Panopeua herbst11 
Z I 
- - -- --
Rhithropanooeus harrisii 
Z I 14,48 3.56 1,18 
-
III 
- - --
2.61 
Sept, Mar, 
- -
8.86 .... 
-1 ~-. 
-~ 
-- -
-
0.22 
1.27 
-
J,80 
-
- -
--
- -
Jul, 
-
q.so 
o.so 
-
-,-
40.70 
l·.51 
l.Sl 
Aug, 
O,S6 
0,56 
JO.SO 
-
Sept, 
16,44 
0,60 
V1 
0 
I-' 
R
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Station Y20 Bottom 1968 - 1969 
Feb, May Jun, Jul. Aug. Sept, Oct. Mar, Apr. Jun, Jul, Aug, Sept, 
Palaeconetes spp. 
Z I 
-- --
0,39 
II 
-- -
0,39 1.08 
-- - -- - - -
l,74 
III 
-- -- --
1.08 
IV 
-- -- --
1.08 
V 
- - - - - - -· - -- -- -
0.95 
--
O~yrides lil:licola .. 
Z I 
-- -- - -
4,37 8.77 
-· - -- -
3.48 
II 
-- - --
1.08 
- -
0.72 
- -- --
8.70 
!11 
-- - - -- -
0.88 
- -- -- --
1.74 
--
.• 0.74 
IV 
-- -- - -- -- . -- -- - -- --
5.22 
-- -
V 
-- -- -- -- - -- -- - -- -- - -
. 1.48 
VI 
-- - -- -- --
0.88 
- - - - -- - -
VIII 
- - -- - -- - -- -- - -- -- -
0.74· 
~ se2temsEinosa 
Z I 
- - -- - - -- -
0.24 
V 0,53 
-- - -- - - -- --
0.19 
VI 
- -- -- - -- --
-. 
-
0.19 
VII 
- - - - -- - - -
0,19 
Uoo~ebia affinis 
Z I 
-
--
0.39 
- - - - - - -
3.48 
II 
- - - - - - - - - -
l,74 
Pagurus longicar2us 
ZIV 
- - - - - - - - - - - -
0,74 
Eucera~us 2raelongus 
Z II 
- - - - - -
- - - -- - -
0,74 
Sesan:ia reticulatum 
---Z-I 
- - - -
0.87 
- - - - -
5,22 
-
.!!!:! spp. 
Z I 
- -
0.78 5.41 26.20 2.63 
- - --
0,79 113,04 3.81 13.28 
II 
- - --
2.16. 5.24 0.88 
- - - -
24,35 
-
2,21 
III 
- - -- - - - -- - -- --
3.48 
IV 
- - - - - - --
- . 
-- --
1,74 
Pinnotheres maculatus 
Z I 
- - - - -- - - - - -
1,74 
-
· 0,74 
P. ostreum 
__ Z_I_ 
- - -- - - - -- - - -
1.74 
-
Neooanope texana sayi 
Z I 
- -
0.39 1.08 
- - -- - - -
5.i22 
-
Panopeus herbstii 
Z I 
- - - - - -- - - - -
5.22 
-
Rhithroeanopeus harrisii \J1 0 Z I 
-
13.76 1.95 2,16 0.87 
- - - - - - - - N II 
- -
0,39 
-
0.87 
III 
- - --
1.08 
Brachyuran 
K 
- - - - - - - - - -- - -
· 1.48 
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Station Y25 Surface 1968 - 1969 
May Jun. Jul. 
Palae~spp. 
Z II 
- -
IV 
-- -- -
0~ limico!a 
Z II 
-- -- -
V 
- - -
Crangon seEtecseinosa 
Z I 
- - --
Sesa?l:la reticulatum 
---Z-1 
-- -r --
.!!£!. spp. 
Z I 
-
0.48 589.92 
II 
- --
0.84 
III 
- - -
Pinnothe.es ostreum 
Z I 
-
0.48 
-
NeopanoEe ~ !!ti:.._ 
Z I 
- -
0.84 
IV 
- - -
Rhithro2an0Eeus harrisii 
z r 0.49 5.74 0.84 
II 
-
1.44 
--
III 
- -- --
Sept. Oct.·· Mar. 
- - -
- - -
- -- -
-- - --
. 
- --
0.19 
-- - -
0.45 
-- -
- - --
- - --
- - --
--
0.20 
- - -
-- - -0.45 
Jun. Jul. Aug. 
--
0.66 
-
1.98 
-
1.32 
-
0.66 
--
1.98 
--
2.75 206.60 396.49 
-
1,32 
--
-
0.66 
-
--
2.64 
-
-
0.66 1,17 
-
0.66 2.34 
Sept, 
15.52 
1.94 
VI 
0 
w 
R
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Station Y25 Bottom 1968 - 1969 
11.ay Jun, Jul, Aug, Sept, Nov, Jun, Jul, Aug, Sept, 
Pale.ei,,o~ app, 
Z I 
--
0,76 
-
l,10 
II 
--
0.76, l,00 
-- -- --
2,65 l,87 o.44 
III 
-- - -
l,10 
- --
o.84 l,32 0,93 
r, 
- -- -- - - - - -
l,87 
V 
-- -- -- -- - -- --
1,32 
O.:::vrides 11:::ioola 
Z I 
-- -- -- -- -- --
,p.84 
II 
-- -- -- - -- --
~- l-32 
IV 
-- -- -- -- -- -- --
1.32 
V 
-- -- -- -- -- -- --
1,32 
-- --
.. 
VII 
-- -- -- -- -- -- --
l,32 
VIII 
-- -- -- -- -
0,33 
--
1.32 
Ein"COlvte nleuracantha 
Z I 
-- -- -- --
0,77 
-- -- --
VI 
-- -- -- -- -- - -- - --
b.44 
Sese.rr.:a retioulatl.l!:I 
Z I 
-- --·. -- -- -- --
3 • .97 
II 
-- -- --
1..10 
-- -- -
l,32 
!!.£.::. spp. 
6.08 48.76 15,38 76.82 22,43 Z I 
--
0,77 
-- --
7,93 
II 
-- --
1.00 
-- -- - --· 
2.65 
--
o.88 
III 
-- -- -- -- -- - --
1.32 
Pir.notheres oe.ou.latus 
Z I 
-- -- -- -- -- - -
l,32 
--
o.1;4 
P. ost:-e:=i 
- --Z-I 
-
l,52 
- - -- -- --
14,57 
P.exe.te.~o~eus anc;ustifrons 
Z I 
-- - -- -- - - -
-- --
o.44 
l/eopanoE!. ~ sayi · 
Z I 
-- -- - - -- -
-- . 1.32 
Panoneus herbstii 
Z II 
-- - --
1.10 
Rhithrotaconeus harrisii 
Z I o.44 3.80 6.97 2,20 
-- --
. o.84 
--
0,93 
II 
-- -
2.99 
-- -- - -- --
0,93 
III 
-- -. 1.99 
- -- - - --
0,93 
-- 1.11 
r, 
--
0,76 l,99 2;20 
-- -- -- -- - --
0 
. 
.po 
Brachyuran 
M 
-- - -- - - -- -- - -
o.44 
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Station P30 Surface 
Jun. Jul. 
Palaeconetes spp, 
Z I 2.34 
-
II 
-
0,73 
IV 
- -
V 
-- -
VI 
-- -
Uposebia affinis 
Z I 
- -
II 
- -
Sesarma reticulatum 
---Z-I 
- --
~&pp, 
Z I 1S2,34 12S.55 
II 
-- -
Panooeus herbstii 
Z I 
- --
Rhithrcpanooeus harrisii 
Z I 54.69 18,98 
II 2,34 14.60 
III 3,13 8,03 
IV 0.78 3.65 
1968 - 1969, 
Aug. Sept. Jun. Jul, 
-- - -
0.48 
·1.06 
- -
l,4S 
- - - -
-- -- --
0.48 
--
0,70 
-- -- - --
-- - - --
- - --
0.97 
50,79 1.40 87,ll 421.31 
- -- --
0,48 
- -- -
0.48 
42,33 4.20 2.09 4.36 
3.17 8.39 
-
0.97 
3,17 7,69 
-- --
-
8,39 
- -
Aug. 
--
-
o •• 51 
o:s1 
60,2S 
-
-
-
Sept, 
0.4S 
6.25 
0.45 
VI 
0 
VI 
R
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Station P30 Bottom 1968 - 1969 
.Jun, Jul, Aug, 
Palaeconetes spp, 
Z I 
--
2.56 4.00 
. II l·,76 2.56 4.00 
III 0.59 -- -
IV 
-- -- --
V 
- -- --
VI 
- -- -
VII 
- -- -
Sesarma cinereUl:l 
Z I 
- -- --
_§., reticulattll:I 
Z I 
- -- -
E£!_ spp, 
Z I 40.00 242.31 540,00 
II 
-- -- --
Rhithro2sno2eus harris11 
Z I 22.94 21.79 · 28.00 
u 5,29 12,82 12.00 
Ill 
-
14.10 12.00 
IV 1,18 5.13 12.00 
Sept, Jun. 
- --
-
2.80 
1.10 1.40 
-- --
-- -
2.21 
- --
-- -
- -
2.21 12.59 
- -
7,73 5.59 
23.20 
-17,68 1.40 
6.63 
-
Jul. Aug. 
S,13 
-- . 
0.85 
--
4,27 
-- -
- -
o.as 
- -
3.42 
76.07 451.38 
0.85 
4.27 7.34 
1.71 
1.71 
0,85 
Sept. 
1.32 
1.32 
1.32 
1.32 
1,32 
3,95 
VI 
0 
a, 
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Station P35 
Palaeoonetes spp. 
Z I 
Sesarma reticulatum 
ZI 
Uca spp. 
- Z I 
Pinnotheres ostreum 
Z I 
Neopanope texana sayi 
Z I 
Panopeus herbstii 
Z I 
II 
Rhithrooanopeus harrisii 
Z I 
II 
III 
IV 
Surface 1968 - 1969 
Jun. Jul. Aug. Sept. Oct. Jun. Jul. Aug. 
1.08 --
0.83 --
701.04 196.23 4.86 0.49 --
2.49 
1.08 
6.47° 21.86 100.49 
4.31 3.24 13.59 0.35 
1.08 1.62 2.91 
0.51 
25.511053.98 179.46 
9.69 
8,67 
0.51 
1,42 -
2.84. 
1.42 
2.84 
8.52 
4,26 
lJ1 
0 
'-J 
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Station PJS Bottom 1968 - 1969 
Jun. Jul. Aug. 
Palae~onetes spp. 
Z I 
- -
II -- 0.99 -
III 
- - --
IV 
- -- --
0~ limicola 
Z I 
- - -
£!:!. spp • 
Z 1 213.95 310,34 236.36 
II 
--
0.99 
-
Rhithro2ano2eus harrisii 
Z I 6.20 9.85 181.82 
II 3.10 8.87 55.55 
III 
-
7.88 18.18 
IV 
-
l.97 18.18 
Brachyuran 
M 
- - -
Sept. Jun. Jul. 
l.07 
-
2.84 
-- --
9.93 
- --
S.67 
-- --
2.84 
-
l.83 
--
1.07 14.68 109.22 
66.31 22.02 39.72 
10.70 27,52 32.62 
8.56 7.34 70.92 
5.35 
-
78.0l 
- -
1.42 
Aug. 
.• 
66.06 
--
Sept. 
1.29 .. 
VI 
0 
00 
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Station 1'40 Surface · 1968 - 1969 
Jun, Jul, Aug, Sept, 
l'alae~onetes spp, 
Z I 
-
-- -
0.66 
!!Posebia affinis 
Z I 
-- -- - -
*~spp. 
Z I 0.98 
Uca spp. 
Z I 181.46 9.76 0.99 13.29 
Rhithropanopeus harrisii 
Z I 2.93 
-
l,49 8.31 
11 
- -
0.50 1.66 
Ill 
-
0.54 
-
0.66 
IV 
- - - -
h 
*damaged specimen; unable to specifically identify 
Oct, Jun, 
- --
-
10.90 
-
2.26 
-
0.75 
-
0.38 
0.61 
-
' 
Jul, 
0,43 
35,.82 
0,43 
0.43 
0.43 
1.28 
Aug, 
1.35 
Sept. 
0.45 
l.rl 
0 
\0 
R
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Station P40 Bottom 1968 - 1969 
Jun, Jul, Aug, 
Crangon seotems2inosa 
Z III 
- --
Uca spp. 
z l 640,26 85.00 9.52 
Rhithrc2ano2eus harrisii 
Z I 6.49 13.00 19.05 
ll 1.30 1.00 9.52 
III 
-- -- --
IV 
-- -- --
Sept, Jun, Jul, 
- -
l,50 
4.17 9.52 508,27 
86.ll 4.54 4.51 
16.67 3.63 4.51 
6.94 0.91 9.02 
-- -
3.05 
Aug, 
35.38 
·--
Sept, 
1,83 
VI 
i....a 
0 
R
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Station PSO Surface 
Jun, 
Uc:a spp. 
Z I Z,80 
Rhithropanopeus harrisii 
Z I 
-
II 0,40 
1968. - 1969 
Jul, Aug, Sept, 
1.44 1.27 0.39 
- -
2.31 
Jun, Jul, 
0.59 2.32 
0,59 
-
Aug, 
0·,73 
-
VI 
.... 
.... 
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Station P50 Bottom 
Jun. 
Uca spp. 
Z I 6.86 
Neopanope ™ sayi 
Z I 
-
Rhithropanopeus harrisii 
Z I 0.98 
II 
--
III 
-
1V 
-
1968 - 1969 
Jul. Aug. Sept. 
5.13 
-
0.95 
-
1.35 
--
- -
5.71 
-- -- -
--
1.35 
--
--
1.35 
Jun. Jul. 
4.62 22.99 
1.54 2.30 
3.08 
--
--
4.60 
Aug, 
3.77 
-, 
lJ1 
.... 
N 
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Appendix D 
Abundance of Larvae in Supplemental Bongo Samples, 
Stations AOS to YOO, 1969 
All Bongo samples were taken at a depth of 10 meters. Only months 
for which Bongo samples were available are included in these tables. 
Abundance of larvae is expressed as numbers per 1000 liters of water 
(no./1000 liters). 
513 
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Station A05 
Decapoda (No •• /1000 liters) 
Total larvae 
Crangon septemspinosa 
Upogebia affinis 
Lepidopa websteri (?) 
Emerita talpoida 
Pagurus longicarpus 
P. pollicaris 
Euceramus praelongus 
Polyonyx gibbesi 
Cancer irroratus 
,!!£!!. spp • 
Dissodactylus mellitae 
Pinnixa chaetopterana 
P. sayana 
Unident. Pinnixa 
Pinnotheres maculatus 
Callinectes sapidus 
Ovalipes ocellatus 
Hexapanopeus angustifrons 
Neopanope texana sayi 
Panopeus herbstii 
Supplemental Bongo Samples, 1969 
May 
107.16 
104.01 
0.24 
2.91 
June 
4.08 
2.14 
0.07 
0.80 
0.07 
0.07 
0.73 
··0.20 
July 
4.56 
0.38 
0.10 
0.10 
0.15 
0.57 
0.05 
0.52 
0.29 
0.05 
0.72 
0.05 
0.05 
0.05 
o.8:i 
0.05 
0.38 
0.19 
0.05 
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·1 
Station COO 
Decapoda (No./1000 liters) 
Total larvae 
Alpheus normanni 
HippolyteCpleuracantha 
Crangon septemspinosa 
Callianassa sp. B 
Naushonia crangonoides 
Emerita talpoida 
Pagurus longicarpus 
P. pollicaris 
Euceramus praelongus 
PolyonyX gibbesi 
Cancer irroratus 
Libin:ta spp. 
Uca spp. 
Pinnixa chaetopterana 
f. cylindrica 
f. sayana 
Pinnotheres maculatus 
P. ostreum 
Callinectes sapidus 
Ovalipes ocellatus 
Hexapanopeus angustifrons 
Neopanope texana sayi 
Brachyuran megalopae 
Supplemental Bongon Samples, 1969 
May 
41.77 
36.67 
4.22 
0.88 
June 
51.31 
0.27 
6.41 
0.07 
0.94 
0.13 
40.27 
0.27 
0.27 
0.54 
0.27 
1.87 
July 
39.23 
0.44 
0.89 
0.06 
0.89 
4.90 
4.22 
0.44 
1. 78 
2.00 
10.67 
0.22 
0.22 
0.22 
0.44 
7.11 
4.67 
515 
Sept. 
25.57 
9.33 
0.67 
3.49 
0.17 
2.67 
8.34 
0.33 
7.17 
1.68 
0.34 
0.67 
0.34 
0.17 
0.50 
2.50 
3.16 
0.83 
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Station ClO Supplemental Bongo Samples, 1969 
May 
Decapoda (No./1000 liters) 
Total larvae 45.04 
Lucifer faxoni 
Palaemonetes spp. 
Ogyrides limicola 
Hippolyte pleuracantha 
Crangon septemspinosa 44.77 
Callianassa sp. A 
Upogebia affinis 
Pagurus longicarpus 0,27 
Euceramus praelongus 
Polyonyx gibbesi 
Libinia spp. 
Uca spp. 
Pinnixa chaetopterana 
P. sayana 
Pinnotheres maculatus 
P. ostreum 
Callinectes sapidus 
Hexapanopeus angustifrons 
Neopanope texana savi 
Panopeus herbstii 
Brachyuran megalopae 
Lucifer faxoni PL 
June July Aug. Sept. 
6.22 15.21 21.72 56.62 
0.22 
0.14 0.18 0.66 
0.66 
1.78 
1.59 
0.04 
2.35 5.55 2 .4l~ 
0.20 0.71 0.22 1.11 
0.87 0.36 0.44 2.89 
0.18 0.66 
0.18 0.22 
0.36 2.44 3.33 
0.07 1.60 1.11 16.88 
0.40 0.90 0.44 a.33 
0.18 0.66 6.23 
0.18 0.44 0.44 
0.07 0.44 
0.54 4.08 1.32 0.88 
2.20 3.20 6.89 15.77 
0.07 0.71 1.11 
0.07 
516 
Oct. 
6.41 
0.10 
1. 77 
0.11 
0.44 
0.66 
0.55 
0.66 
0.22 
0.11 
1.78 
0.33 
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Station YOO 
Decapoda (No./1000 liters) 
Total larvae 
Palaemonetes spp. 
Ogyrides limicola 
Hippolyte pleuracantha 
Crangon septemspinosa 
Upogebia affinis 
Pagurus longicnrpus 
Euceramus praelongus 
Polyonyx gibbesi 
Libinia spp. 
Uca spp. 
Pinnixa chaetopterana 
P. sayana 
Unident. Pinnixa 
Pinnotheres maculatus 
P. ostreum 
Eurypanopeus depressus 
Hexapanopeus angustifrons 
Neopanope texana sayi 
Panopeus herbstii 
Brachyuran megalopae 
Lucifer faxoni PL 
517 
Supplemental Bongon Samples, 1969 
May 
28.56 
0.76 
26.66 
0.95 
0.19 
July 
31.80 
0.27 
0.27 
2.40 
5.34 
0.27 
1.87 
1.34 
0.51 
6.67 
4.81 
0.27 
3.21 
0.80 
0.27 
0.27 
2.94 
0.27 
9.44 
0.17 
0.24 
0.23 
3.28 
0.22 
0.17 
0.33 
1.24 
1.22 
0.34 
0.44 
0.89 
0.44 
0.23 
Sept. 
118.64 
4.00 
56.88 
23.99 
0.89 
0.44 
0.89 
4.89 
5.34 
2.66 
2.66 
15.56 
0.44 
0.44 
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